
Agricultural Researoi Institute^ 

PUSA 





PHYTOPATHOLOGf 


OFFICIAL ORGAN OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

EDITORS 

L. L. IIauteb ' Perlky Spauldinq N. J. Giduinos 

EDITOR FOR EUROPE 

II. M. QtlAN.IER 

ASSOCIATE EDITORS 

J. 0 . LEA('n ll(iwAui> S. Fawpett 0 . K. Pisby 

W. 1 ). Vaeeeau W. P. Fraser J. Franklin Collins 

U. D. Rands F. A. Wolf L. R. Hesler 

W. A. McCriiHiN Ijeo E. Melpiiers A. (i. Johnson 

BUSINESS MANAGER 

R. J. Haskell 

VOLUME XIV 

JANUARY-DECEMBER, 1924 

With 31 Platics and 106 Text Figures 


Published for the SoonsTY' 
Science Press Company 
Lancaster, Pa. 



DATES OF PUBLICATION 


dauuary 

miniber, Feb. 11 

July 

number, Jidy 21 

February 

“ March 20 

August 

“ Aug. 20 

March 

“ April 12 

So])t. 

“ Oct. 6 

April 

" May 0 

Ootobor 

‘‘ Nov. 5 

May 

“ May 24 

\ovond)er 

Doc.2 

June 

“ June 27 

Docomber 

Jan. 10, 1925 


ERRATA 

7, lino H, road Georgia for “Goor{?ia/’ 

Paj?e 177, lino 2 from bottom, i)oriod after Modioa^’o saliva sbonld be 
a comma. 

Cover of S(‘])tem])or number, ])a"o numlx'rs slionld bo ehanj^od as fol- 
lows: 406 to 4()S, 40!) to 411, 422 to 424, 425 to 427, 428 to 120, 421 to 422. 
Pap:o 460, line 14 from bottom, read Paeillus instead of “Baoeillns.’’ 
Paf’c 516, 1 ‘oferonoo 1, ‘‘malaidos” should bo maladies. 

Pap^c 516, roforonoo 6, second lino sbonld be ‘‘Biol, (\uitralbl. 2)7: 
272. 1917.^’ 

Pa»’o 527, lijie 21, obaii^o ‘‘inocnlatioir’ to inoculum. 

Pa^e 520, lino 4 from bottom, clianju'o “]>lay a rol(‘” to, |)!ay no I'olo. 
Pa^e 522, reference 2, n should bo omitted from “Mended,^’ 

Pago 525, second i)aragTaph, lino 1, cbaiige “sernioro” to derniore. 



(CONTENTS OP VOLUME XIV 


No. J. .Ianuary 

VAliK 


Variotal jinioiig bojms to the biu-tentil wilt. Walter H. Burkholder 1 

Plant pathology in tlie Dutrh East FiMlicH Paul Hartley \ni> K. I). KaxN'Ds 8 

Absfrai'ts of ])ap(.Ts ])n'8enti*tl at tin* lifloonlli annual mooting of the American 
Ph\to[);ith()1o^ical Soc-iety, (hnciniinti, Ohio, l)(‘cetn))er to J;iniiary 

1, H)114 ' 24 

No. 12. Ferruarv 

4’he rust of cowpcMS. F. 1). Fromme 07 

Curly loaf transmission ('xjiorimonts. Henry tl. P. Severix 80 

Notes on the climatic conditions influencing^ the 102.4 ejiideinic of stem rust of wheat 

in Jlliiiois. L. B. Fmion and 1*. A. Younu 1»4 

Not(*s on cninl)(*rrv fungi in Massachusetts. Neil F. Stevens 101 

Cioj) in,] my resulting from magnesium oxide dust. F. .1. Sievers 108 

A (dn*niical and pathological study of decay of the x\ leiii of the, apple caused by 

P(d,N stictus v(*rsic(dor Fr. Baa mono (1. Smith 114 

Abstracts of jiapers prc-seiited at the seventh annual meeting of the Pacific Division 
of the Anu'iican Ph\ topathological Society, Los Angeles, (talifoinia, Setitem- 
b('r 18 to 21, 102.4 , ItO 

Ph\ topatlndogical notes 120 

No. ,4. M\R(’ii 

tioliii Asbuiy lOlliott. T. F. M\nns 120 

Overw iiitei iiig of tobacco wildtiie bactena in New Lngland. P. .1. Anderson 1.42 

lfy]io\\lon poplar cankei. Alered Povah IK) 

llerjK'toiiioiiad llagt'llates in tin* latex of milkweed in Maivland. FjtANCLS O. 

Holmes 140 

Botrytis cinerea in Alaska. P. .1, Anderson 1.~)2 

44ie relation of temperature and liumidity to tomato leaf spot (Sejitorm, lycopersici 

S]U«g.) PhiED J. IhilTCJIARD AND W. S. POKTE 1 oO 

Cl ape rust in P'']orida. C. L. Shear 170 

Becommendations for the improvement of (»f1]cial inspi'ction f«)r crown-gall. F. C. 

Steavart 172 


No. 4. April 

Host 1‘lants of Bacterium labacum. James Johnson, C. M. Sl.voo and H. 

Muravin 37r) 

Tol)acco AA’ildfire and tobacco seed trejitment. H. E. Thomas 181 

The belundor of certain varieties of tomatoes towards Fusarium Avilt infection in 

(California. Mkhael Shapovalov and J. AV. Lesley 188 

Phytopathological notes 108 

Beport of the fifteenth annual meeting of the American Phytopathological Society 200 


1 



Contents 


ii 

No. 5. May 

PAGE 

Species of Fusurium isolated from onion roots. Christos P. Siderts 211 

Biological and cultural studies of Exoascus deformans. A. J. Mix 217 

Phyllosticta leaf spot^ fruit blotch and canker of the a])ple; its etiology and con- 
trol. E. F. Gura 234 

The production of substances toxic to plants hr Penicilliiim expansum Link, Clyde 
C. Baknum . 2.38 

I^hytopathological notes 244 

No. 6. June 

Spore germination of Ustilago striaeforrnis. Wtli^am Harold Dwis 251 

Beactions of sclfed lines of maize to Ustilago Zeae. TI. K. Hayes, E. C. Stakman, 

Fred Griffe and J. .1. Oiiistensen 268 

Notes of the life liistory of the snapdr.ngon rust, Puccinia antirrhiiii Diet, and 

Hohv. E. B. Mains 281 

Phytopalhological notes 288 

No. 7. July 

Apple measles, wilh special reference to the comparative susceptibilitv and re- 
sistance* of H])p1(’ vai ieties to this diseasi* in Missouri. Arthur H. Rhoads 28}) 

White rot of Allium in Europe and America. J. C. Walker 315 

Sclerotiiiia intermedia n. sp., a cause of deca> of salsify and carrots. G. B. 

Ramsey 323 

Sphaeropsis malorum .and Myxospoiinm corticola on apple and pear in Oregon. 

S. M. Zeller 320 

Mor])hoJogical studies on the injury to ax)ple caused by Cores.a bubalis. J. G. Good- 
win AND F. A. Fenton 334 

The sclf-xiruiiing of western yellow pine. W. H. Long 336 

The micToloop. A rapid method for isolating single spores. Marin S. Dunn 338 

Phytojuithological notes 341 

Abstracts of xiaxiers presented at the fifth annual meeting of the Canadian Division 
of the American Phytopathological Society, Queens University, Kingston, 
Ontario, Dei'embcr 20-21, 1923 345 

No. 8. August 

Studies on a leaf spot of IMiaseolus aureus new to the Philipjmie Islands. Colin 

G. Welles . 351 

Simultaneous surveys for stem rust: a method of locating sources of inoculum. 

E. M. Freeman and L. W. Melander 359 

Rust resistance in timothy, H. I). Barker and H. K. Hayes 363 

Witches’ broom of iiotatoes in the Northwest. Oil as. W. Hungerpohd and B. F. 

Dana .. 372 

Equipment and methods for studying the relation of soil temjy.n'aturc to diseases in 
jdants. R. W. Lkukel ' C ^ i 

Permanent aiiirals for tags. Dean A. Pai’K ' 398 

Phytopathological notes . . 401 



Contents iii 

No. 9. September 

/ PAGE 

The vijibility of ureflo8i>oro8. W. E. Maneval 493 

Longevity of euJtures of Eusaria. W. E. Maneval 408 

The line of sulphur as a fimgieide and fertilizer for swecit potatoes. J. F. Ai>ams. 411 
A laboratory jn-ojeetion apparatus. Reginald IT. Colley 4134 

The manner of infection of peach twigs by the brown rot fungus. G. W. Fant 427 
The Tropical Research Foundation. Ferley Spaulding 430 

Phytopathological notes . 433 

No. 10. October 

Varietal suscept ibility of wheat to Tilletia laevis Kiihn. George M. Reed 437 

Bacterial soft rot of tomato. S. A. Wingard 401 

A study of Bacillus aroideae Townseiul, the cause of a soft-rot of tomato, and 

B. carotovorus .Tones. A. B. Massey . 460 

Experiments in coiitrftl of cankers of pear blight. L. II. Day 478 

No. 11. Novembih 

The efP(‘ct of hydrogeii-iiui concentration <»n the extracellular peetinase of Fusarium 

cromyophthoron. Christos P. Sideris 481 

A disease* on Ainarantu'^, caused by Choanc]»hora cucurbitaruin (B. & Rav.) Thaxter, 

B. T. Pai^m and S. C. .1. JociiEMS . 490 

Tyienchus dipsaci Kuhn on narcissus. C. E. 8(’0TT 49.'i 

The T^hytophthora disease of lilac. Helena L. G. DE Bruyn 603 

Standardizing of degeneral ion diseases of potato. TI. M. (^itan.ier .618 

Methods of studying the tlegeneration diseases of potato. D. Atanasoff 621 

I’hyt oiiathological notes ^634 

No. 12. December 

Physiological specialization of tlstilage hordei. .Iames A. F.-\ris 637 

Patholfjgic liistology of ajiple blotch. 1*3. F. Guba 6.68 

(Vmtrolliiig onion smut with kalimat. 1\ J. Anderson 569 

Cellular iuteiactiou between liost ami jiarasite. Clifford H. Farr 575 

Measuring wati*r flow iiiteifcreuce in eertaiu gall and vaseular diseases. I, E. 

Meliius, J. H. Muncte and Wm. T. H. Ho 580 

A method of increasiiig tlie eflicieucy of Alter c,>lmders. H. 11. McKinney 685 

IMiytopathologicaJ notes 587 




PHYTOPATHOLOGY 

VOLUME XIV NUMBER 1 

JANUARY, 1924 

VARIETAL SUHCEPTIBILITY AaMONG 13EAN8 TO 
THE BA(^TERIAL BLIGHT 

W A L T E 11 II. B rit K H O L D E R 

Gonsi(lerabI(‘ progress has been made in New York State during the 
last few years, in the discovery of varieties and strains of licans (Phaneolu^ 
vulgaris L.) resistant to the various diseases to wiiich this crop is subject, 
and in the developing of new strains of commercial varieties from such 
stock, Barrus (1) led the way by showing that the Wells' Red Kidney 
and the White Imperial were resistant to both the alpha and the beta 
strains of Colletotrichna lindenmthiannni (KSacc. et Magn.) B. et i\ 
From these two varieties, the writer (2), McRostie (8) and Reddick (9) 
have developed several other strains of commercial varitities of beaus 
resistant to the anthracnose. A bush marrow introduced from Nova 
Scotia and n^ported upon recently by the writer (5) is being grown to a 
small cxt(uit in New "i"ork Btate and has proved more or less resistant 
to the anthracnose under field (H)nditions. The appearance of a third 
strain of C. lindcrunthianum designatetl as gamma (4) has seemingly 
complicated the bre^eding problem in respect to this disease. Varieties 
resistant to both alpha and beta strains are susceptible to the gamma 
strain. This third .strain of the fungus, however, is of limited oc^currence, 
and it is hoped at present that it will be of no economic* importaiu*e. 

Varieties of beans resistant to two other important diseases have 
been published upon in various articles. The Flat jMarrow, a strain 
of beans resistant to Fusarium martii phaseoU Burkholder, tlio cause of a 
root-rot., was reported by the writer (3) and breeding experiments with 
this strain of beans were undertaken b^^ AIcRostie (8). The most prac- 
tical work, however, was the discovery at the Perry })(‘au laboratory and 
the subsequent proving by Reddick and Stewart (10) that the Robust 
pea bean is immune to the mosaic disease. The glowing of pea beans 
in New York had pni-ctically been discontinued din^ to this disease, 
but with lh(‘ introduction of this l)ean, the acreage of the pea b(^an is 
now as large as formerly. From the Robust other varietic's have been 
bred which are also mosaic resistant (8 and 9). 
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With tho over inci'casing prevalence of the bacterial blight caused by 
PhifloNtonas pha.^eoli (E. F. Hinith) Oornmitteo S.A.B.,’ strains of com- 
rriercial varietic'S of beans resistant to this disease are greatly n(‘eded. 
Very few investigators have dealt with blight resistance among beans, 
Fulton (()) has r(^ported some experiments and observatioiis on varietal 
sus(;eptibility, and recently (doyer ( 7 ) has noted two distinct susceptiblo 
periods in tlK‘ life of the bean plant ; the seeilling stage and that period 
from the formation of pods to maturity. With the beginning of the 
work ro})orted in this articl(‘, it was not(‘d from observations in the 
bean fif^lds that none of tin* common varieties possess immunity. Single 
plant seieetioii among these varieties likewise has sliown no permanent 
resistane(\ Any variety of beans, then, having the character of blight 
resistance was de^ired for use as breeding stock. If this character 
behav(‘d in a Vfcndeliaii fashion, as anthracnose resistance does, crosses 
with commercial varieties would Jio doubt yield a valuabh' type. Search 
for tlie character of blight resistance w'as begun in a systematica manner 
in 1910 and has been continued to the present time. No immune or 
highly resistant vaiiety has been discovered, but cjcudain d('gr(*(‘s of sus- 
ceptibility amo]]g the varieties hav^e been noted vvliicdi appe^ar worthy 
of reporting. In this article an account is given of those experimcuits 
conducted in the field during the seasons of 1919, 1920, and 1921. The 
summers of 1922 and 1923 were not such to induce the ra[)id spread and 
developincmt of the diseas<\ Idiis was also true of the suinnu'r of 1920, 
but the plots that year were inoculated a great many times so that in- 
fection was secured. Since infection was very light in all the fields t hat 
year, all varieties in the experimental plots showing a medium or light 
infection w^ere considered to be rather susceptible, and wcue disciirded 
from further tests. It was thought that they would approach a severe 
iiif(H*iion under favorable conditions. 

in 1919 and 1920 the experimental tests were conducted at Perry, 
New York, and those in 1921 were at Ithaca, New York. The varieties 
of beans were planted in ten-foot rows which w'(m*c about 28^30 inches 

* Rccx‘iitly Miss Hedges (Science n.s. 55: 433-434. X922) reported on a disease of 

beans similar to the bacterial blight, the causal organism of which dilfered in her de- 
scription but. slightly from Phylfmomm phaaeoli. Many anomalies are to be met with 
in the bacUirial blight w^hich have formerly been considered due to ecological factors. 
It is prohablf' that some of these are due to physiological differences in the pathogenes, 
and that the species P. phaseoli constitutes a group just as certain species pathogenic 
to animals are known to do. Bacterial blight in this article refers to the bacterial 
dLsease of beans as it occurs m New York State and descril>ed elsewhere by the writer 
(Phytopath. 11; 61-00. 1921). 
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apart. After the plants were a little past the seedliufr stages they were 
sprayed with a water suspension of the bacteria. The bacteria in some 
eases were obtained from pure cultures, and in other cases chopping 
up blight-infe(jted plants and soaking them in watei*. Tliree and four 
sueii inoculations were made until it was certain that sufficient inoculum 
for general infection was provided. 

In table 1 ar(‘ s(‘t forth the results obtained in 1910. Here three 
degrees of infection are recorded and are di^signated as light, medium 
and severe, Tlu^ disease (h'stroyed jiractically all the leaves of those 
varieties of Ix'ans ])laced in the group marked 'infection severe. Severe 
injury, too, was sustaiiuxl by the pods. Thost* varieties in the group 
markcnl infection light showed consideraldy loss injury although they did 
not possess sufficient resistance to make them valuable for breeding 
stock. Th(^ Itobust pea bean is a good example of this group. Here the 
inrmbation period was approximately a week longer than in the former 
group. Tlie spots on the leave's spread mu(‘h more slowly and little 
injury was found on th(^ stenn and pods. ( VmseqiKuitly unless infection 
was very (‘arly, serious damage did not occur to the plant. An inter- 
mediate group was forme'd for those' varieties which were difficult to 
lilace in eitluu* of ili(‘ ah(»ve tvAo grenips. In tal)le 2 are placed those^ 
varieties ((‘ste'd in 1920. During that s(\‘ise)n the disease was not se'vere 
em any of the varieties, as ('xplaincfl above, ])ut it was (‘onsidereel that 
those sho\^ing the' bacteria! blight to any ('xtent would be very sus- 
e*f*ptible' in a blight-favorable ye'ar. In table 3 a similar grouping is 
made of those be'ans tested in 1921. Conditions were very favorable 
that yexir fe)r the' deve'loprnent anel spre^ad of the disease. 

In looking over tables 1 and 3, one may observe that practie^ally all 
those varieties showing a light infection in 1919 also remained in that 
class in 1921. This evidently demonstrates that those varieties do 
possess a certain amount of re^sistance. This resist ane^e, too, is vsuf- 
ticiently great to recommend the use of those variotii's in preference to 
similar om^s in either of the other two groups. In gimeral, however, the 
more resistant varieties are later in maturing, while those exhibiting 
sevens infection are early. The correlation of the two characters, 
however, is not perfect . 

A number of hybrids have been produced between the most resistant 
of the varieties in hope of increasing resistance. Very little progress 
has been made so far. The work is lieing continued, nevertheless, and 
further crosses are being made and tested. 
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I'ABLE 1 — Varuiies of beans shomng relative susceptibility la the bacterial blight during 

the season of lUW. 

INFKCTION LIGHT 


Baldwin Wonder Wax 

I joiidou H ort i (jul turiil 

California Pink 

Manchurian ]\*a 

California Wonder Pea Bean 

Pearce’s lmprov('d Tree Bean 

Karly Golden Cluster Wax 

Refugee 1()00-1 

Giant Strinj^leas Valentine 

Robust 

Keeney’s Btringless Green Pod 

Scotia 

Kenney’s Rustless Golden Wax 

Scotia 

INPEOTIOK 

MEDIITM 

Black Turtle Soup 

Man<ihurian O-anberry 

Bountiful 

Marvel of I^aris 

Burlingame Medium 

Maules Profusion Wax 

China 

Michigan AMiite AVax 

Cbutenaslii 

Michigan Wonder Pea Bean 

Detroit Wax 

Nova Scotia Marrow' 

Dut(‘h C-ase Knife 

Perfection St. Louis White 

Diafuki 

Pencil Pod Black Wax 

Early Mohaw^k 

Pinto 

Extra Early Refugee Dwarf 

Prolific German Black Wax 

PiXtra PlarJy Red Valentine 

Prolific; Tree Bean 

Farquhar’s Rustless Golden Wax 

Red arrow’ 

Full Measure 

Refug(*e AA^ax 

Giant Strmgless V^alentine 

Rust Jh'oof Golden AA’^ax Bush 

Gray ]\Iarrow (South America) 

Triumph of the kVames 

Harlequin 

Vineless Marrow 

Hudson ax 

AA ells’ Re<l Kidney 

Japanese White Marrow 

AA' hi tc C''rea.s» ‘ha i 'k 

Kentucky Wonder 

AAliito WondmTield 

Ijongfellow (Bush) 

AAliite Imperial 

Mammoth Stringless Bush Bean 

Yellow' Six Weeks 

INFF.rTlON 

SEVKIIE 

Admiral d’ogo 

IManchurian Ivintoki 

Black Valentine 

Masterpiece Dwarf Bt*an 

Boston I'^avorite 

Mcxicari Red 

Brown Swedish 

Michigan AVhitt; AVax 

Chalkmge Dwarf Black Wax 

Muroingen 

Colossal Sij-irigless Green Pod 

Nagauzura 

(Jurrie’s Ptiist J^roof 

Plentiful 

Davis Wax 

Old Mahogany 

Flat IMairow 

Ruby llortieultura! 

(iolden Wav 

Tcnufvssec Green Pod 

1 mproved ( Joldc n Wax 

Scarh't Plagoohd AA ax 

Isbells \Voij<ler Wax 

AA’^anl w ell’s Kidney Wax 


L azA’ \Vil(^ 
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I AliBB 2 - V urivtu’i^ of fwatta showing rclcihuc siisccptihUdi/ to the hacUTud blight during 

the season of IfUO. 


NFEC 

Adnural 

Burpoe’s Fordliook Favorito Bush 

(.'riKdvorjack Wax 

Crackerja<*k Wa v 

Crystal White W ax 

h’lag(‘ol(d \'iolet W ax 

(tituuhi JUaek AVax 

(Ijant Strin^lesa Cireen i’od 

( I olden Kye W'ax 

Improved Yellow Fye 

Ishell’s Farly Wond<‘i AVa\ 

IsladTs Favorite 

INFECTK 

Ailinglon Ked Cranberry 
Baldwin W'ondc'r Wax 
Blaek W ax 
Ihnintdul 
Brown Swedish 

Burp(a‘’s String (i*Ks Crei n Bod 
Brittle Dwarf W ax 
Brittle Wax 

California Bu^t Ihoof W'ax 
< 'aliforiua W otaler Fieltl Bean 

< 'hine'se Sw'ord B<'an 

< 'ornfiidd Bole 

< 'r> fstal W'six 
( ’lit short 

Dwarf Hardy W'ax 
I iarly Six Weeks 
hiarly Yidlow Six ^\'eeks 
Fxtra harl^' Ht*fugees 
)<]xtra Farlj' Bed Valentine 
Fairfield Wondi'r W'ax 
(Bant Stringless Creen ]^o<l 
Cianf Stringless Creeri I’od 
Cohlen W^ax 
Improved Prolific Tree 
Isbell’s Coldeii Biittiw W ax 
Jordan’s Stringlcss Self Drier 
Keeney *s Kustless Cloldcn Wax 
Ki^ntueky Wonder W^ax 
Leonard’s WTebber W'ax 
Loialon Hortienlt iiral 

INFJ 

Flat Marrow 
Fi eiK’h Asparagus 


r xoNE 

Low’s Champion 
New BounUful 

New Dwarf Bound Bod lnternie<liatc 
flortieultural 
Befugee 1000 1 
Befugee W'ax 
Bound Yellow Six W e(‘ks 
Bound Yellow Six Weeks 
SnowtlfiLe T^'eld 
W(‘bber W^ax 
A\ ' or e ( ‘K t-e r M a,i n I n ( ) t h 

V LKIHT 

Longfellow 

D^vv’s Farly Champion 
Masteri>iece 
Missouri W'onder 
Nancy Davis 

Nev\ Yellow Bod Bountiful 
< )ld-J'’ashion(‘d Striped Sickle 
J^heasant’s J^l;ve 
Brohfie Black W'ax 
Befuge<‘ 1000--1 
Refugee W'ax 
Scot I a 
Snow Flak(‘ 

St ring less Creen Pod 
Stringless I'iidncy W'ax 
Sure Crop 
Superior 

Temic'ssee Creen Boil 
'Pexas Bole 

I 'll rivaled Dwarf W'ax 
X’lneless Marrow 
W'^arren 

W'ells’ Red Kidney 
Wliite Kidney 
White Kidney 

W'hite Seeded Kentue,k>’ W'ontler 
Wliite Sickle 
W'hile W'onder 
W'oialer of France 
Yard Long 

:’T10X MEDIUM 

Perfection i^ole Bean 
While Kidney 
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TABLE ?) — VuTLf'tus of bean a showing relative s accept Unlit ij to the bacterial blight during 

the aeanon of 1921. 


Baldwin Wonder B ax 
California Pink 

(^arterV CliinbinK French Bean 
Frencli Mohawk 
Harlequin 
Italy's Favorite 

Kenney H K listless ( loldiai B"a\ 


INFEI TION LIGHT 

London Hurt icultural 
Mont d’Or 

New Stringless Clrecn Bofugee 

Robust 

Seotia 

Snowflake Fiehl 
AVon‘ester 
Yard l^ong 


IXFIXTION MKOIUM 


Arlington Red Cranberry 

Atwater White Kithu‘y 

Buniees’ Fordhook Favorite Bush 

California Bust Proof Wax 

(barter’s July CJinibmg 

Carter’s Strmgless llolborn Wonder 

Carter s Sunrise 

Carl(‘rks Wliite Alodel Dwarf French J^ean 

Condon’s Earliest ^Market 

(kindon's “Sure Crop” Stringless 

Oystal AV'lute Wax 

Early Golden (’luster AVax 

French Asparagus 

Giant Stringless Green Pod 

('roMen-Plye Wax 

Kenney’s Stringless Green Pod 


Liglitning JOarly Valentine 
Xe\v Bountiful 

New Dwarf IntiTinediate Ifortieultural 

New KulneV Wax 

C)ld-Fa.shion(‘d Sickle 

Osborn’s Piarly Forcing 

Refugee 1(K)0-l 

Refugt'e Wax 

Royal Dwarf W’hile Kalney 
Rustless Golden B'a\ 

Southern Cornfield Bean 
Enrivaleil Dwarf Wax 
Ventura Bonder 
B'hite Mexican Tree 
Vosenute Mam moth B"ax 


Aihniral Togo 
Bt‘st of All 
Blue Pod M odium 
Brittle B ax 

Burp(a‘\s Saddleback B ax 
( -aiia<lian Glory 
(barter’s Longsward 
Carter’s Magpie 
C’artoCs lVr])e1ual 
(’raekerjaek B ax 
(’urrieV Bust Proof B’ax 
l^kireka. 

Flageolet Yioler B'ax 


INFECTION SEVEUE 

( Jolden Eye B’ax 
( Irei'n Seeded Flageolet 
Isbell’s rVivonti' 

LsbeU’vS Piarl> B’onder B’ax 
MeC’aslon Poh‘ 

New Yellow Pod Bountiful 
Round Yellow Six B’t^eks 
Southern Prolifie Pole 
Sure ( Vop B ax 
AVebIxT B’ax 
AA’hite Sickle 
Yard Long Pole 
’A’ellow FiVc 


In 1919 soiru* iiioeiilutiun oxperimonls wiq’e eoiHlurttul on some spooios 
closely rclaltul to P. rulgans which should bo reported luu'ts Th(‘SO 
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were eiirri(Ml a-lonj]!; with variety leasts and in the sa.me nuiiiiier. All 
species tested durinjii; that st'asori proved jnr)re or l(‘ss susceptible. They 
areas tollows: HeiKlersoJi’s Bush Lima [I^haseoJus Imutlus 1^.], the while 
lepary [P. acutifoUati (rray var. InlhfoliuH Frecunan], I lie motL bean, 
[P. acointijolnf}^ Jac(p], the Adzuki bean \]\ (iN^nhiris (Willd.) W. F. 
Wright], tli(‘ Mnn^ bean [/k aureus Hoxb.]. the C'alifoj'uia Black-eye 
cowpea [I '((jna smcusis (L.) lOndl.j, tlH‘ Ito San vai’U'ty of the soy bean 
[Soya max l^ip(*r], and tlie (lo(*rf*:ia Vc'lvet bean [Siizolobmm deeringeanuin 
Bert.]. 

PoUNELn UnH EJtsrTY, 

1 TUA(’A, N. V. 
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PLANT PATHOLOCJY IN THIO DPTCTI EAST INJ)IES 

Carl H \ it r l io y a n d H. I) U a nt i> s 

The Dutch East Indies have been the s(reii(‘ of pi(>a(^(*r studies in 
< topical plant patholoo;yd These studies in most cases weie initiated 
in response to some disease prolilem or crisis coniu^ded with the plan- 
tation industry in whi(*]i many millions of European capital was early 
invested. Under the stimulus of acaite losses from dis(\‘ise the managers 
of thes(^ gn‘a.t European estates in .lava and Sumatra wen' not slow to 
want aid in pn'venling possible disaster. Most of them were growing 
exotic sfK'cies, in vast pure slaiids whi(‘h occuj)ied the same soil year 
aft('r yi'ar. The ( lovernment ))oranical institution at Buit(‘nzorg, Java^ 
a reiule/A’ous of botanists from all cemntries of tlu' world a(tra(*t.ed by its 
famous gardens, was naturally called upon not only for dire(»t help but 
also for guidance' in the' estaldishmeni of plantc'rs’ exp(‘riment stations 
to study tlu' various probh'ins of the industry. As a result lhf‘n‘ now 
exists a large* amount of published matter. Widi the (‘xcepfion of 
Ja})aii, this prolial)!}’^ exceeds in volume the lite'rature from all otlua* 
parts of Asia and the' Pacific islands, though it is h'ss familiar to American 
botanistvs than (hat from certain other parts of the Orient . The* following 
account is based on three years’ experience in })lant pathological in- 
vestigation in the islands of JaA^a and Sumatra. 

A short general statement about the Dutch East linii(‘smay lu* h(‘l])ful 
for the orientation of Americaji n'adc'is. The Arcliipelago stn'tches out 
along ih(' ecpiator for a distance of about HOOD miles from Asia lo 
Austialia. It has about eight times the land area of our PhilippiiK's, 
wiiii a population four times as great (47 million) and of much the same 
ethnic composition, lliougli mainly Mohammedan. The distribution of 
this ])opulatk>n is peculiar, in that three-fourths of it is crowded togetlier 
on tlu‘ island of Java, which is r(‘C('ntly volcanii* and very fertili* ])ut 
smaller than the state of New York. In contrast to the highly de- 
velopefl cojidition of Java, Borneo and New (luinea, each approximately 
the siz(' of France*, are* not eve'ii comph'tely explored. A gn^at variety 
of agricultural conditions is met with, ranging from hot (coastal plains 
with strictly tropical crojis, to high, cool slopes and plateaux wherei 
northern jdants are grown, dimale is in general very moist, but wnlh 

‘ Th(‘ terms ' p unt pathology” .'ind “jJaat disease*” are* used in this paper v\ith the 
meanings v^liich they eomnionly (*firry in the FiiiteHi Slate's and thi‘re‘foro do not iueludo 
fdinorin.'ditK's cjuise'd hy iriscels and higher animals. 
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actually arid coiulitioDs in some parts during tlii' dry sc'ason. In I ho 
regions with dc'VolojxTl a^rir;uliiir(i rioo is liio native food crop, 

with maize, cassava (tapio(Ti), sweet potatoes, pr'aiiuts, and a numlxT* of 
others less iniportaiit. For exj)ort, sugar is the great crop, witli rubber, 
tea, coffee, coconut j)roducts, tobacco, spices, and ([uiniiu', all grown on a 
considerable scale as [ilantation crops und(‘r lOuropc'an nianagiuiient. 
Despite th(‘ great importance of the primarily pbuitation cro[)s in Java, 
their total area is not more* than one tenth of that occupied ])y the native 
food crops. 

Aside from some valuable min(*ral resources, plants and tlKur products 
are the prime inter(\st of both whites and natives in th(‘ islands, and the 
Euroj)eans recognize^ wfJl their neixl of help from the plant scientist. The 
excelhmt steamers coniUMUing Java witli Singapore are named iu honor 
of the biologists Rum})hius and Treub, and the latt(‘r boat is decorated 
with bronze tabh^ts bearing lists of Treub’s jmblications. S(uni-technical 
abstracts of agricultural contributions appear jn-omimuitly in the daily 
})apers. A list of tw(’niy~four seri(‘s of t<M‘hnical pu])licatioiis containing 
botanical lit('rature aptxNinng in the Dutch East Indies is appended to 
this pap(‘r. Th<^ largi' number is due to the rnaintcmance of si'jiarate 
series of ttiedcdcvh mjen f(‘out ributious) for each go\(‘rnment laboratory 
and ea(‘h of the planter’s expiuiment stations. 

DISEASES WHICH HAVE HE(’EIVED SPECIAL ATTEN^PION 

Plant fiathology has receive<l its chief stimuli from dis(‘ases of four 
important plant atif)n crops: the itemih'ia l(‘af~rust of (*offee, which 
b('(*ame ('pidiunic b(*tvv(*en 1880 and 1890; th(‘ xvrvh and associated 
dist‘as('s of sugar came which also began to ri‘(‘eive attention in the 
(Ughti(‘s; (h(‘ JiacUranu solanacearaNi wilt of tobacco which became 
prominent witli (lie (‘xtension of this industry in north Sumatra; and 
the brown-bas^t of llevc'a rublier, recognized as an independent disease 
only in the last d(*cade. The early cofbx' epidemic resultc'd in disaster 
in Java, as elsewh(*re. Litth' mv(\stigalive work of the modern type has 
bec'ii done on the diseas<‘ itself in Java, th(' situation being m(‘t by the 
sill )stRut ion of otlnu’ (*rops or of inferior but more resistant coffee 
varieties. The resulting changes, howevej*, wore undoubt (ally influential 
in bringing aliout 1h(‘ establishment of (‘xperiment stations, sujiported 
chi(‘fly by the planters themselves, for the perennial plantation crops. 

The sugar cane diseases stimulated more diretd investigative attack, 
and were .influential in causing the founding of the sugar (experiment 
station, which became and has nunained through a long period of years 
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the inosl imf>ortu]it private agricultural investigative enterprise in the 
world. Th(' book of Wakker and Went^ on sugar cane diseases, abund- 
aTitly illustrated in (*olor, published in 1898, is an evidence of tlu^ early 
activity in sugar can(‘ dis(‘ase investigation. Intensive pathological 
investigations were not continued to the f)oinl- of thoroughly distinguish- 
ing, and determining t he cause's of, several of the important cane diseases, 
})ut some further work is now being done. In the meantime, develop- 
ment of resistant varitdies and such indirect iindhods as tlie growing 
of clean j)r()pagat/mg sto(*k in localities which nunain free* from disease 
have resulted in fairly satisfactory economic control of the n'cognized 
troubles. 

In 1893, toliacco became th(' subjc'ci of inti'iisive investigations, first 
in the form of planter-supported research administrated by the Ibiiten- 
zorg Botanical (Jardc'n, and more recently in the j)rivately established 
and controlh'd Pi^yefsfation.s at M(‘dan in Sumatra, and Klateu and 
Djember in Java. This dc'velopmejit was largely due to the losses suf- 
fered from Phytophthora nicotianne in the S('ed b(‘ds.^ This dis('as(' still 
remains a principal suliject of investigation at the station at Klaten, 
w^hile Die wilt duo to .Hactcrinni solauacearnrn has lieeomo th<' chief 
pathologi(*al problem in Sumatra. Kxtensive studies of th(' wilt organ- 
ism have been published.^ Sanitation nu'asures linve ))et'n dc'veloped 
against both diseases, whifJi ajipear to have (M'onomic valiK', )>ut in 
neith(‘r case is the control as yet on a satisfactory l)asis. Tin' work at 
Klaten has served as the basis for the publication of a recent manual on 
diseas('s and pests of tobacco, well illustrated in color.^ 

Ilevea or Para rublier, arising iis an intcuisively handl'd major (uop 
almost over night, and after the idea of scimitific work on plantation 
crops liad bt'come well establislu'd, r('ceiv(*d from th(' first of its short 
history, more or less attention from the disi'use standpwinl. After a 
time it was realized that dry tapping cuts, brown iniu'r bark, and 
troubk'sonic “burr” growths were all common manifestations of the 
browji-bast disease, and wane causing so inui*h loss as to endanger the 

MVaklvfr, J. II., and F. A F. (\ Do ZiokU'u van liot suikomot op Java* 

Doo) 1, Ziokton, dio niot door <iioro!i venjorzaakt worden. J17 p , pi (H> cMoral)' 
boid<*n, isns 

Fiiif yclopaodK* van Nodorlandscli ()t).st-lndio. 4: 08-09. J021. 

’ Honinp;, J. A. Niinioroiis papers on liacUr-iuw ,s4d(nia(:r.nruni, mostly in the Mede- 
iicehngett of the Doliproefstatiou (Medan, Hufiialra; 1010-1018 mol. 

^Jonsf'ii, Hj. Zicktf'ii van do Tabak in <io Vorstonlaiidon. Hi p., SO fuj,, SS pi. 
in (oitir) 1021. (A Iso issued as Modod.40, Proofsta. voor Voorstcmlanflscbc 

'Pal.ak.) 
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future of the industry. A definito invest igulive drive was at length 
made against the disease, the L)ut(*li authorities cooperating VAdth the 
planters^ organizatiojis, and th(» t(Mdinical work(‘rs rc'presenting tlie 
int-erest(Hl parties throughout Malaysia. kcH^ping in conimuni(\ation with 
one another. Results were }jrom])t and quit(^ satisfactory. A ciomplete 
change in tappijig methods and surgical treatimuit of tr(?(‘S already give 
promise of reducing the loss from this trouhh' to a negligible minimum. 
The disease* is beli(*ved to be n on-parasitic, a dir(M‘t result of too frequent 
tapping, and ex(‘essive lat(*x nunoval.^ 

In addition there may be noted a numb(‘r of probh'ins aaIucIi liave 
arous(‘d l(*ss int<‘rest. ('a(‘ao canker and ])od rot iPhyiophthora faheri 
Maub.) have received hit ermit tent attention for 20 years; t)oth crop 
and disease* have now so dwindl(*d in importaiuH* tliat further study in 
Java seems unwarranted. I\*pp(‘r, a native c.rop of rather large export 
value, has disapp(‘ar(‘d from certain sections where it Avas form(*rly 
important, large'h” as the* r(*sult of a trouble whiedi despite some in- 
v(‘stigati\T ('ffort- still reunains obscure. dTe peeniliar “blood disease 
of ])ananas in (\‘i(‘bes, a. vascular bacterial trouble*, has proveal very 
serious. In the* course of its inv(‘sligation a gene'ral se'arch for vascular 
banana disf.*asf*s has b(*(‘n made, and an (*ntire‘ly dinVrent bacterial wilt,'^ 
usually (‘hronie* instead of acute, has bee'ii found lu'arly universal l) 0 th 
in ('(‘le])es and ,lava. In this chronie* dise^ase* llu're* is an interOvSting 
S(*(*ondary flora, consisting larg(*ly of Eusaria and o1h(*r ])acleria, some 
comi)on(‘nts of which may aid in prealucing the* diseased (*ondition, 
''i'his dis<*asf* S(*(*ms to otlei' an ('xc<‘p1 ional opportunity for investigating 
the* re'lative iiriportance' of primary ajid secondary organisms. Only 
etiological wairk has been done* on the'se banana dise'ases, and unfe^rtun- 
at(4y nothing more is now in prosp(‘<‘t. 

^ Rnn<ts, K. 1>. lirowii Im^t di'^ea.sc ol pljojtation nib})CT, and i>rov(*nti()n. 

I)e*pf bandh., Nijv , on litonk-l (Dnloh I'ia^i Indies} Inst Plant(*n/aok. Modod. 47 . 
5: p r, pi nrii 

^ Per a siiininar\' of the litoiatiiro on tlie suhje'fd see, (ianrnann, II \ Krikcle op- 
in(‘rk.iiigon oinlront de* Jjunipongsoho pope'i'/iekte* roysinanni.’i 33: ‘2Sa“2t)d .2 text 

jKjs 1022 

*(JnuTnann. K ()nd<*rzo(*kingon ovoi <Io hlo(‘d zieklo dt‘r bananon op (Vkbos T. 
D(*i)t. Landb., Nijv . on Handel (Duloh East lndn*s), Inst. PlaiitonzU'k. M(*d(*d 60, 
/fff p., f) pi ia2i 

^ ( Jaurnann, F. < )v<*r eon baotorK^oh* vaatbimdolziekto dor banaiuai in Nodorland.solv- 
Jndio. Dept band!). Nijv on Handel (I )nt oh East Indies), Insl Plant(‘nziok Modod. 
48 . p., IS jiij., S pi (/ in color) 1021. ( oniparisons of this I rouble with the 

“ Panama diS(‘aso“ of the ^^'o.'^t Indio.s are disons.sed }>y Huindes, E. W Ondorzook »>p 
grooten afstand botrotTende* do vor\M*lkings-/iokto tier banain'ii Toystnaimia 33: 
2tH-297. 1022. (See also po.stsoript bv E A (Jauinann in n‘i>ly to this, pp 207-300). 
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Individual pu'cos of work, mostly reciuit, hav(i boon dono on the 
S(4erospora mildew of eorri,^ and on dis(»ase.s of quinine,® of peanut, 
and of potato.^ A eurious Phytophihora stripe canker of cinnamon, 
sometimes several meters in length, l)ut nev(‘r more than a few centi- 
meters in width, with a definitely daily-zonate length extension of almost 
invariably 1 cm. per day, which could not be correlated with physical 
factors, has been investigated in Sumatra.''^ 

A disease conspicuous by its practical absence in the Malay Peninsula^ 
as w(dl as in the Dutch possessions is the epidemic l)ud rot of coconut, 
and the various other evidences of Phytophthora attack on coconut 
noted in Pritisli India. This is the more interesting, as bud rot has 
inad(^ s(u-ious trouble on both sides of the Dutch Indies, in the Phitij)pines 
as well as in India. Another disease^ l(‘ss serious than in the Philippines 
is the Selerospora maize dis(sase. Recent mycologieal work has indicated 
that the 8(*lerospora and the common Pliytophthoras of tlie palmivora- 
faberi t^q^e of the Philippines are (piite diibuvnt from those of Java." 
The Pliytophthoras at haist ditba* in parasitic alnlity as well as in mor- 
phological (diameters, and a difiVrcuiee in parasites may thend’on' exfilaiji 
the differences in disease prevalence in both tlu'se cases. 

F()r(\st ])athology has Ix'cn ehietly limited to some recent publications 
of the for(‘stry ('xp(U'mi(‘nt station at Buitcmzorg on non-parasitic troubl(*s 
in the iutcmsively handled t(‘ak forests. Of the pathology of the tre- 

^ Pahij, ]tj. Oiulcrz(H‘kinp(‘n oV(‘r df onin Iyer van d(* nuiH. Dc^pt Land)) , Xijv , 
on Hand(‘l (Dut«'h Kust Indies) Lab. Planteiiziekt, Metled. 32: 7/ /> , 7 pi lOlS. 
(With JOnjyJish summary ) 

^JLirit, A. Five recent papers (see biblmj^rajihy by \ an ()vi*n‘em -il(‘ Haas, Lc.) 

^ (a) Palm, Ji. T Aante<*kening ovot shjmziekte in Arachis hypoKaea (Katjanj? 
tanah) D<q>t. van Ijandb., Nijv., en Hamhd (Duteh Fast Indies). Insi, Plantenziek 
Meded 6. />., ^ ji\p 1922. (W.th Kn^ilish summary.) 

(b) Ciroenewege, ,1. Landbouwkundigi* oiiderznekmgiai over de slijmziekt(‘ I)(‘pt. 
Land}),, Nijv., (^n Handel (Dntcli East Jndie,'^), Medici. 12. LV />., Vi pi 1922 

(e) Hartley, Oarl and Sehwarz, M. JL Pap(‘rs soon to lie published 

* Paravemi, E. Die KartotTel krankheiten in Xiederiandiseh — Ost Indien. (’(‘iitralbl. 
Bakt. Abt. 2, 68: 212 220 Mr 1923. 

* Bands, It D. Streepkanker van kaneel, veroorzaakt door Phytophthora einnamomi 
n. sp. Dept Landb., Nijv., en Handel (Dutch East Indies), Inst. Plantenziek. Merled. 
64: /jJf. p,, a pi {1 Lit color) 1922. (With English summary.) 

* Sharpies, A. and J. Lainbourne. Observations in Malaya on Inid-rot in coconuts. 
Ann But. 36: r,r, 70 PII-VIL 1022. 

^ Weston, W. II Philiiipine lUiwny mild<‘w of maize. Jour. Agr. Beseareh 19: 
97-122, 1920. 

Recent impublislied work by the senior writer on the variability in Phytophihoni of 
the P.fahcri tyjie. 
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morulous variety of tree species in the hijiilicr altitude ‘'wildhout’^ 
forests, practically nothing is known, beyond the enumeration of 40 
mistletoe species^ and the- occurrence and mycological data given liy 
RaciborskE and others on some of the parasitic fungi. 

A large number of pundy mycological papers scattercnl through Fmro- 
pean and East Indian periodicals have ])een published. Many of the 
descriptions in thcise, unfortunately, were basenj only on the study of 
dried specimens brought back to Europe by Iravelh'rs some of whom 
were not even botanists, so that the slaliis of a number of genera and 
species is uncertain. A valuable survey and compilation of the existing 
liloraturc has been made by van Overeem,*'^ recently appointed mycologist 
to the Buitenzorg Botanical (uirden. In addition he gives a list of all the 
fungi he has been able to find reported to date for the Netherlands Indies. 
Of special interest to the pathologist ar(‘ the papers on parasitic species 
in which notes on seviuity and distribution accompany the descriptions. 
Th(^ most important of these involving a series of three papcTS is by 
Raciborski, who des(;ribes a large* number of interesting parasites on a 
variidy of host plants. Despite* the s(*emiugly extensive mycological 
literature, comparativ(*ly little is known of the rich fungus flora of the 
islands. lnt(‘nsiv(‘ study along this line will be seriously handicappetl 
by the local deficiency of comfiarative mati'rial, since* most of the col- 
lections and exsiccati of ik'W genera and species are in private herbaria 
scattered through Europe, 

In general, plant diseases an*, abundant in Java, especially on recently 
int-roduc(*d crops and in ease of man}' v(*getables wluire t he seed is im- 
fiorted every year. Here one may observe* not onl}' the common diseases 
witli which he is familiar in colder climes, ])ut often new ones indigenous 
to tlie tropics which have spread over from nativ<* liost plants. An 
instauc(‘ of this is the glume spot of wheat caused by N njro^^'pora javamca 
Zimm.,^ a parasite, apparently reported only from Java, wliich prior to 
the introduction of w'heat into the i.'>lan(l had been found only on a species 
of Panic, um, and on rice and maize. However, one coming from the 

Mvoonlcrs, S H Kxkiirsiorij^flora von .favu 2: lt)7. J(‘iia, iei2 

‘Miacihorski, M. Sixteen i)a]>erh on tlH‘ funpi of Jav^a, 1897-1901). For citations 
nee p. MO Ml. and espi'cially oitation No 190 of van Overeeni’s bibliography, 1. c. 

M)vereern-(1<‘ flaas, C. et D. van. \ei 7 eichius der in Niederlanilisch (>st~indien 
Ins deni Jahre 1 920 gefuiidenen Myxomyeetes, Fungi, und bichenos. Hull. Jard. liot. 
Huitenzorg Ser. Ill, 4 : 1 140. 1922 

♦Palm, Hj. Ki'ingi* ziekten waargenoinen aan de tarvNe o}> Java. iF^pt, Landb., 
Nijv., en Handel (DutcliFast Indies), Inst Plantenziek. Meded 34 : 17 IS. Fuj, 11, 12. 
1918. 
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Temperate Zone is a little surprised at not finding still more numerous 
and conspicuous diseases in so warm and moist a country. Raciborski, 
perhaps the keenest ol)scrvor who has looked for parasites in Java, 
remarks that at first he was una})le to see them because the novelty of the 
vegetation in general distracted his attention. However, even after 
that wore off, he did not think that he found as many things (referring 
to parasites of the natural vegetation) as he w^ould in an equal length of 
time in Europe. This indicates the difficulty of locating indigenous 
species rather than an actual pauc‘ity of number. For example, one of 
the writers searched nearly twT) years before finding Raciborski's Phy- 
iophthora colocatitaej whereas under the variable monsoon climate of 
semi-tropical Bengal, Butler and Kulkarni report it very common and 
destructive, vSo rare are many of the new genera and species described 
by Raciborski and others in Java that the occasional finding of them is 
nothing short of a rediscovery. In a country with such great uniformity 
of climate and multiplicity of host species, the proportion of ^‘rare’^ 
fungi is probably gr(*ater than in temperate regions where there is constant 
interference in the natural adjustment and establishment of equilibrium 
between parasite and host. There are doubthvss also contributing 
factors which aid the host in offsetting the apparent advantag(^ to the 
fungus of tropical temperature and moisture. The temperature (db 
C.) of Java is almost constantly above the optimum for a number of 
parasites, and its equability piobably also assists the host i)lant in main- 
taining its equilibrium and resistance toward some others. Tlu^ Wiseon- 
vsin tests have emphasized the dependence of certain diseases on the oc- 
currence of temperatures considerably above or below the mean. 

Rainfall in most of Java ranges from 80- 160 inches per year, decidedly 
more than the 30 inches of our Missouri Valley, the 45 inches of the 
Atlantic seaboard, or the rainfall figures for Europe. In much of West 
Java, the total precipitation exceeds the total evaporation. However, 
fog is rare, and rain when it comes is commonly heavy, ^ perhaps washing 
spores off of surfaces that might otherwise become infected. At low and 
moderate elevations, at which most crops are grown, nearly every 
morning in the year is clear and drying, at least for a few hours, even in 
the wettest districts. 

1 Taking the year, the weather records of which happen to come first to hand (1918), 
it is found that at Buitenzorg, which is situated at an elevation of IKK) ft., there were 
73 days on which rain reached cloudburst intensity, i e., a rate of 1 mm. per minute for 
at least a 6-minute period. In a number of these cases the rain exceeded 2 mm. per 
minute for a period of 5 or more minutes. 
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agencies engaged in pathological investigations 

up to the last half dozen years most of the pathological investigation 
had been done by the planters’ stations previously referred to. As a 
resjllt its publication has been scattered through semi-technical period- 
icjils and numerous independent series of reports and mededeelmgeyi 
(contributions), mainly in the Dutch language and many of them little 
known outside of Java. This accounts in considerable part for the lack 
of acquaintance of outsiders with what has been done. These stations 
have constituted a uniipio feature in the agricultural organization of the 



Fi<;. 1.— The Govominent’s Institute for Plant Disease's, Buitenzorp;, Java. Ap- 
proximately half of the building is here shown. 


islands. Their development is largely due to the commendable policy 
of the (loverument in confining its own activities largely to the improve- 
ment of native agriculture and at the same time encouraging the liluro- 
pean agricultural interests to handle their own specialized problems. 
The planters have now learned by experience that it pays them to 
finance investigative work on their own crops. There are at present 
eight independent private or mainly private planters’ stations in Java 
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and two in Sumatra. The names of those stations, the crops studied, 
and the territory reprtisentcd, are as follows: 

Algemeen Proef station der r./?.0.*S., Medan, Sumatra. Rubber, 
oil palm, coffee, and all other plantation crops except tobacco in north- 
east Sumatra. Tea problems are studied in cooperation with the station 
at Buitenzorg. The building belonging to this station is shown in fig. 3. 

Algemeen Proefdation voor de Thceculiuur^ Buitenzorg, Java. Tea; 
territory covered “entire Dutch East Indies. 

Besoekisch Proefstaiion, Djembcr, Java. Tobacco, rubber, coffee, and 
other “hill cultur(‘s/’ in extreme eastern end of Java. 



Fig. 2. —Present staff of the Institute for Plant Diseases, Buitenzorg, Java The 
Director, Dr. (I J. J. van Hall, is at the center, seate<l, and Dr. Marie B. Schwarz, the 
pathologist, next to him. The other investigators are entomologists. 

C entrnal Rubber station^ {Vereeniging Centraal Rnbherstation) , Buiten- 
zorg, Java. Studies primarily the chemistry and physical properties of 
th(i product in coojieration with local stations; scope — Dutch East Indies. 

Deli Proef station, Medan, Sumatra, Tobacco on east coast of Siima- 


1»24J li.AJiTi.KV AN'I) J-!AM)f,: DcTcii East Im>jks 'iT 

PnxJ slot ion v,il. Jorii Snil,r.rin<l,ii.ilnr, Piisocrociiit, J'Jast, Java, and 
hrajichos at SoniaranR, and ( di(>ril)()ii, wMitral Java. SuKar. 

Pmifstabon Mnlanij, Malang, Jiiva. RubJ.cr and colfeo in East Java. 

PioefstaUon Midden .hum, Saiatiga, .lava. J{,u1)l«n-, cnfToe, cacao, 
mitmog, and coca (cocaijio plant), iji central Java.. 

Procfi<tatwN vnnr Vorsicjilam/schp TaM, Klatfai, Java. T(>l)acco in 
central Java, 

Prorf^sfahon II c.s7 Jant, P>uiteuzorg, Java. Uu})l)(‘r in western Java., 
Now directed I)a th(' hi^ad of tin' tea station, witli which it is likely to he 
C(nn})in(*d. 



Fiij. — Kxpcrinieiit Station of tin* V V K OS iA/uonuft I'nKhtijnnj Uuhhi i plunU m 
( >i».siknsi rati Sut/Htfra), Mndan. Sumatra i.s onn of t(‘ii Jiivn.sl i«»ativ(‘ ami (*\t(*iHion 

(.M'nters .yupportcil by tin* different plaiiteis’ a.sjaociation.s m Java am) Sumatia 


In addition to the ahovt^ a nmn]>er of tlie lar^(*r j)lautation companies 
maintain investigative dt^partiiKmis of tludr own, in which oiui or more 
iHjtanists arc employ(‘(l, as tlu' V, S. Hiihh(*r Co., Kisaran, Asalian, 
Sumatra, and tht^ IPihlwrcuJtunr M (uiisrlm ppt j A DtsUrda m , ( ialang, 
Sumatra. All of the above stations are sup])orted hy strongly organized 
planters’ associations hy an annual lax. l)ased on production or area 
under cultivation by the sul)scnhing meialK*rs. In the case of sugar, 






18 J^HVTOPATHOLOUV [V'OL. 14 

for o\iiinplo, this aiaouiit(sl in 1922 to more* than j)nr aero, giving 

the station an ineomo of nearly *11^500,000. Tlu* other stations hav(‘ 
snial](‘r ineomc^s, totalling approximately 100,000. Soiiu^ of t h(' stations 
are still aided by very small annual subsidi(‘S ])y the government and also 
r()cei\'(‘ contributions from business firms and individuals. Wliil(‘ con- 
sidfn‘abl(‘ resean^h work is done at tliese stations, it is fnuiuently in- 
sufficient as a basis for tiie extension work d(unand(^d by th(', planters, 
ddie average planter enjoys the propriitary feeling it gives him to have a 
sei(‘ut.ifically trained man at his bcek and call and ho is freciuently un- 
happy unless a visit is made to his })lantation every so often, even though 
h(j has jio immediate problem to solve. This takes time aiul touds to 
replac(i basic research by a gn^at deal of desultory local experimentation. 
Tliis situation, however, is realized by the piiojilo concerned and steps ar(* 
la'iiig taken to diflercntiatii mon^ ckairly between research and extension 
activili(\s. Despite these difiiculti(‘s, a large, part of the remarkable 
progress of tlui plantation industry and ilu) (‘onst^([Uent rapid develop- 
merit of tJie colony in other respects is to be credited to the planters’ 
stations. 

The to])ac(X) and sugar stations ai’c the only ones with nvsources (mi- 
abling tluuii to attempt continuous research in pathology (‘XC('pi incident- 
ally to tlieir extension aetivities. On account of tlu^ tinan<*ial d('pn^ssion 
following tli(^ war, serious investigaiiou of pathological pi’ol)l('ms will 
jirobably in the future, at hnist for some time, depend mainly on th(‘ 
government. 

Oovenimeiit patlrological work, together with tli(‘ oth(‘r plant pi*o- 
traction lines, agricultural entomology, and the control of tiedd rodents, 
is now theoretically limited to the Ifhsiitiiut voor Phuitotziekien (Tnstitute 
for Plant Diseases), established at l^uitcuzorg, Java, tht^ seat- of most 
of tlie government’s agricultural investigations. Other subdivisions of 
tlu' DopartiiKMit of AgricultuiH*, UvS the (luinine station, th(‘ g(‘n(u*al 
(‘xjxwinu'iit station, tlie forestry e\j)eriment station, aiul tli<' govruMimmd 
rubber plantations, also engage morr* or less in [ratliological work, 'flu' 
histituut 1 foruK'iiy known as Ldhoraiorlutn imd AfdccUng) was established 
ten y(‘ars ago, but until 1919 eounted only oiu' Imtauist on its staff. 
Its ])otun]cal comj)lf!ment- was tii(^u rais(*d to two permanent positions, 
ajid two additional botanists hav(' l)ecm em})loy(Ml for temporary pi'riods. 

KAOUUTIE.S FOJt JJNVUSTK^ ATJ Vr: WOJtK 


At Buitcmzorg facilities for- patlrological work are on tlu‘ whole very 
good. Th(^ J nxiliuut voor Planivnzuiktcn is in most respects well 
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equipped t(3chnically, and is located in a commodious xiew buildinjj; 
(Jig. 1) in the midst of the 6()-acre Cultuurtviii (economic garden devoted 
to plantation crops) and the selection garden of about ('(lual area, where 
the invest igativ(^ work on native crops is centcued. The well known 
taxonomic gardiju, the large herbarium, and the lai‘ge library of the 
Departmimt of Agriculture are useful adjuncts. T]u^ herbarium, how- 
ever, has been sadly deficient in fungi and the library shows gaps in 
numerous important plac(*s, particularly serious for th(^ pathologist being 
the lack of bulletins of our static experiment stations. This latter de- 
fici(mcy seems to hav(^ been in considerable part due to the failure of 
many of our stations to maintain proper foreign mailing lists. 

Assistance of low grades is availabh^ in abundance in the form of native 
“bo 3 "s” a])le to n^ad and writ(‘ Malay and handle vTry elementary 
arithnndic. Tluur pay ranges from $5 to $20 per month. They can 
b<^ used to advantage for making culture media, transfening cultures, 
running a microtome, and in field experiments, though most of them 
reciuin* very careful control. The Institute has a native' photographer, 
a teciinologist, and native artists remarkably good with either ink or 
water color. 

The planters’ ('xpi'rirnont stations vary (considerably in the matter of 
equipnanit. At least the sugar station in East Java and tlu' ^^Avros’^ 
station in northeast Sumatra seem to be particularly well provided wdJi 
library faciliti(‘s. TIk* lil)rary of the Departnu'iii of Agriculture at 
Huit('nzorg maintains loan service for the entire Anchipelago. 

I'lspecially in Sumatra and West Java the difference bet wchui the wet 
and dry si'usons is so slight that one has to th(‘ full the tropical advantage 
of being abh' t o run fuid experiments at. any tinu' of year, making possible 
much more rapid pj'ogress in some types of work than can bo had in the 
Temperate Zone. 


NON-INVESTKJATIVE ACTIVITIES 

The only educational work in plant pathology is that given as a part 
of a 2-ycar course in botany in the Intermediate Agricultural School at 
Buitenzorg, a training school primarily for the native agricultural ex- 
tension s('rvic('. There is nothing corresponding to the College of 
Agriculture in tlu' Philippines or the special training given to the natives 
who are detailed to the rcsearcdi laboratories at Pusa. The (*nnsequent 
lack of trained research assistants in the Dutch Indies is handicapping 
pathological invest igation. 

Extension work on (h(‘ diseases (3f plantation crops is done* V(‘ry (^f- 
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fectively by the planters' stations and the semi-technical journals. 
The government's Agricultural Information Service furnishes an avenue 
for the extension of knowledge of the methods of combating diseases of 
native crops. The government has done a great deal in furthering native 
agriculture. 

A rough plant disease surve}^ has been maintained for a number of 
years by monthly reports from the agricultural extension officials in 
Java and certain other well settled parts of the Archipelago, and by the 
annual disease reports from tlie planter’s stations. These come to the 
Director of th(‘ institute for Plant Diseases, who combines them with 
hivS own notes and the data on insect pests in an annual publication in the 
Mededv(lh\(j series of the Institute. 

T}i(u<‘ is no nursery business of importance, and regulatory activities 
are pra(^(i(*ally limited to guarding against Ihe introducliou of foreign 
posts, "i’his is eont rolled by tlie Institute under a new law. Propagating 
stock must be certified as post-free by inspectors in the country of origin, 
and is admitted only through the port of Batavia, where it is again 
inspected, and sonudimes brought to Buitenzorg for fumigation. Seed 
of about 30 genera of European vegetabli\s and annual ornamentals are 
excepted from th(^ op(U*ati(>n of the law, as are all sec^d intended for eon- 
sumption. Fruits for consumption arc admitte<l, subj(^ct to inspection, 
at a few principal seaports. TJmitation of propagating stock to a single 
port of entry does not work .serious harrlshipfor the reason tliat. there is 
no importing business of importance in this line. 

A single domestic (piaraiitine, prohibiting the movement of bananas 
(fruit as well as plants) from Olebes to other islands or to any otluT part 
of the world, has beem recently pul into operation. This is due to t,he 
firesence there of th(' *’})lood disease.’' 

STATl'S OF PLANT PATHOLOGY 

For the Archipelago as a wlioie, plant pathology is still in the reeon- 
nais.sanco stage. Th(i more conspicuous di.seases are of (‘ourse kiiowii, 
but (‘xperienco in both Europe and America has shown that these are not 
iKjces.sarily the most important. There has been an unfortunate lack 
of continuity in dij^ease investigation, a characteristic of most tropical 
studies, so that- results of oeonoinic value liavc not generally l)e(m ob- 
tained. Oiie of the government agriciilturists at Buitenzorg has recently 
puWishod a rather sharp attack^ on pat hologi.sts in general for going 

^ Cirocnewege, J. IjaiidhouwkanJigc ondtrzock ingen over do .slijmziekte. Dept. 
Landh., Nijv., en Handel eDutch Kast Indies), Meded. 12 . 79 ?>. ,16 pi. 1922. 
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only into t.ho ctiolof 2 ;it‘al aspects and therebj’^ missing; the adclitional 
opportunities for economic results that might come through further study 
of the diseases. There is a general impression that investigation of 
insect troubles is much more important than work on all other typos of 
trouble combined. The Institute for Plant Diseases is now spcuiding 
four times as much iiion(*y on entomological projects as on pathological 
ones. The relativcily low present standing of plant pathology seems to 
be in part due to the lack of continuity al)ove referred t o, and in part to 
the fact that pathological inv('stigations have too often in th(' past 
been made by general botanists ratlior than by trained pathologists. It. 
is believed that carei'ul persistent work on some of the numerous little 
investigated crop plants would result, in better appreciation of the 
economic value of pathological research. 

A number of imf)ortant pr()})l('ms or groups of problems are awaiting 
investigation, esj)ecially in (nmnection with ^‘native agriculture.’’ The 
existence of serio\is diseases of the banana and of the, pepper plant has 
already been mentioned. No control measures for these are known, 
and in the ease of the pepper die-baek the eause or causes have not been 
delerminod. Not ev(‘n a thorough survey has been made of the diseases 
of such imyiorlant food crops as rice, maize, cassava, and sw('et potatoes, 
eacdi of which in Java (witli the exception of sweet ])C)tato) occupies an 
area from one to six times that of all plantation crops ))ut together. 

Althougii Java alone produces about 200 inillion ])ushels of ri(*e an- 
nually there must be yiurcliased in uncertain foreign markets approxi- 
mately 20 million biishfds additional to feed the native population. The 
local production of more rice is t]»erefore one of the great proi>hnTis of the 
East Indian tJov(‘rnment. It is a well known fact that in a number of 
important districts the* avm'age yield {)er acre has ])een falling off in 
recent years and that crop failunis are fro(iuent. Some of tluise failures 
are traceable to the stem ))orer, drought, floods, etc., but those not due 
to such obvious causes are attributed to such a variety of agencies as 
to show on the face of the reports that the etiology is uncertain. All 
sorts of contradictory popular explanations of the failures are en- 
countered: soil barrenness, too early planting, too late planting, un- 
timely rains, improper cultivation, use of unsuitable varieties of rice, 
etc. A sucking insect- which attacks the grain in the milk stage, and at 
least in West Java and Sumatra one or more fungi attacking leaves and 
seed, do considerable damage, but are not believed to be responsible for 
the entire failures noted. The hypothesis that nematodes are important 
as causes of rice disease in Java is not now generally credited. Th(^ 
condition known as omo vieniek, also commonly referred to as root rot 
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by agronomists familiar with it, lias been under investigation for years 
from the soil standpoint. The data obtained on the relation Ix'tWf'en 
soil aeration, atmospheric moistun^, and the development of disease 
symptoms in rice are interesting and important: but the gene^ral prolilem 
of the rice failures seems to bo too complicated to be explained on any 
simple basis. The likelihood of the presence of fungus or bacterial 
parasites able to attack the roots or the stems of the ri(*e under favorable 
environmental conditions has in^ver been investigated in the East Indies 
by model’ll methods. A thorough study of ri(‘e diseases in ginieral, 
continued through a period of years by experienced pathologists cooper- 
ating with soils or physiological investigators, should prove more cicon- 
omieal than the prescnit very costly subterfuge of attempting to meet 
the incr(\asing shortage by (‘xteusion of I he area uiuhn* cultivation. 

Then' has been some tendency for invc'stigators to select probhnns 
without references to the ('conomic importance of the crops involved. 
This tendency has been by no mi'ans confined to the tropics. In th(' 
early woik in most countries the diseases for investigation have been 
cbosi'ii be(;ause they were (conspicuous, or because people of standing 
complained about them. This was in large part logical. The conspicu- 
ous (lisc'ase is relatively easy to get data on. The disease that is com- 
plained of in the tropics is usually a plantation probli'in; the plant (‘r will 
help to get appropriations for invc'stigatioii, will cooperate in tin' in- 
vestigative work, and will ordinarily utilize' any ('coiiomic ivsults o]>- 
tained, while the nativ(c (‘ultivator cannot ]>e counted on to help in tlu' 
work or to change his tinif'-worn nu'thods and i)r('judi(*('s n'adily (*nough 
to pnjfit by the findings, liul some of the plantation crops ar(' not 
important. Work of maximum economic importaruH' cannot b(' doin' 
on tlu' less important crops. It is tru(‘ that an unimportant crop sotne- 
times lias a dis(case especially favora})l(' for tin' inv(\stigation of funda- 
mental pathological questions, but fundann'iital res(*a,r(*h <‘an in nearly 
all cas(‘s ]>e more (efficiently cari’ied on in the tf'mperate than in the torrid 
Z(jne. 


SUMMARY 

1. The I)ut(‘h East Indies have' in the past taken a Ifwlhig part in 
tropical plant disease' investigation. The more important dis(?as(*s so 
far studied are noted. The ('k^ar mornings, equable temperatun' and 
lack of fog an' (*onsid('red factors in ke'oping down the seriousness of 
(‘('rtaiii types of dis(ais('s, 

2. Plant pathology doe's not have the standing with agriculturists that 
it sliemld have, owing mainly to a temdemecy on llie pari of investigators 
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to loav(‘ u problem Ix^fore th(‘y havt' woiluni lon^ enough on it to get 
reliable results on the eontrol aspects. 

3. Aluch of the past pathological work has been done by the botanists 
of the various privat(^ly supported planters’ stations. The number of 
investigators working mainly or entirely on plant diseas(?s is now smaller 
than formerly. 

4. Plant quarantiiH^ n^gulations are briefly d(‘seril)CMl. 

SKRI\L nOTANK'AU eUBLIOATIONS OF TUK DUTCH EAST INDIES 
A Jourthfils 

Arch. Suiki'nndustru* (<-(miaiiis all Methul. v/h. IVocfsta. Suikcnridiis -sugar). 
Arch. RuhIxTcuIt. (Contains all research work from '‘ ( Vntraal Ruhher-staf ion/’ 
“ Proofstation West Java/’ and “ Rubber Serio” (►f the ‘‘Algeineen IVocfsta. 
A.V.lt O.S. •) 

Ann. Janl. Bot Biatenzorg isystematic liotany). 

Bull Janl Bot. Buitcuzorg (mainly systematic) 

J)(‘ TropiM'hc Xaluur pirgan of th(‘ Notherl -Indies Natural History Soc ) 

De ’I’liee (contains s(‘rm-po})ular articles, and reviews of technical ai tides on 
tea VNhich a])p{‘ar m Me<led IVocfsta. 1’heo ) 

J’lM'tona (official organ of i-iast Jndian forestry association) 

JViMihia (gi'iieral biological journal). 

Iconcs Bogijriensj.s (^yst('mat ic— mJiinly descriptions of new' s]>e(‘ios and genera). 
B. n iConirthfittnns) from Drpf L'ltt'/h , Xiji , rn JIundrL (j)(*pt. 

Agr , Industry, and 'Trade, Builmizorg Java.; 

Mcfietl, Alg('met'ii IVoiJsta v/d Landbouw (agronomy au<l soil sciencf*). 

Misled .Vld(*elirig Zaadteelt {sided ion and improvement of native crops). 

Korte BiM'ichteii v'an lad Stdectie eii Zaadtuin (briet re]K)rts on plant selection). 
Meded. liistituut vooi 1 Vintimziekten (plant diseases and insect ])(‘sts). 

Meded I.andbouw voor lichtiug^viicnst (agricultural (*\(cnsion sci vice). 

Meded Kma IVoefsialion (studle.'^ on quinine imluslrvj 
Meded IVoef.^tatioii vt>oi Boschwezeii (technical forestry aniide.s) 

(' Srnol (\inlnhutKHis" from planfna' rrpnuurnf ^'ilnfhoo< 

Meded. Be.soidvi.sidi IVoefsialion (tobaeeo, ruhbiT, ami colTee'. 

Bull. Dell fVoefstat ion (tobacco). 

Viugsidirift Dell IVoetdation (tobacco eirculars). 

Medial. IVoefstation van den A.WR.D.S. (Algemeen Serie ) (oil jialm, etc ) 
M(‘ded. IVoidstation Malang (rubber and collee*. 

Mialed- Proefstation voor Vorstenlandsche Tabak (tobacco/. 

Medtsl. Proefstation Midden Java (rubber, coffee, cacao, nutmeg, eoea. etc ). 
Medeil. IVoefstation voor Thee (tea). 

Pubheatios v/h. Nederlandseh Indi.seh Lamlbomv Syndieaat (Nidherlanils 
Indies Agricultural Syndicate, a union of planters’ associations, publishes 
official minutes of planters’ meetings and papers read). 

There have jitst, been received tw'o iiitere.stmg pamphlets on botanical and 
(agricultural) eheinical investigations, parts of “The History and Present 
State of Scientific Research in the Dutidi East Indies”, published by the 
Konmklijke Akadcrnie van Wetenschapperi, Amsterdam, 1923. 
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ProgirM report on cabbage yellows investigations in Kansas. E. A. Stokdyk. 

Three seasons' experiments in the greenhouse and field show that Wisconsin “ All 
Seasons” and Wisconsin “Brunswick” are resistant to yellows if the seed is sown in a 
hotbed and the plants transplanted to the field. These varieties are susceptible in 
some cases if the seed is sowm directly in the field. A selection of Copenhagen obtained 
from low^a is giving considerable promise for Kansas conditions. Three varieties im- 
ported from Scotland have desirable qualities and some resistance. 

Studies conducted to determine whether or not the causal organism is ever carried 
in or on the seed, have shown no direct evidence that either was the case. Several 
Fusaria have been isolated but they failed to produce yellows in cabbage or give the 
characteristic reaction of F. conglidinans on cooked rice. 

F. cmgluiinans cMlisiephi Beach, wKich causes Aster Wilt, failed to cause yellows in 
cabbage. 

A progress report on black^rot inveshgaiionsy with special reference to cauliflower on Long 

Island. E. E, Clayton. 

Bocterium c/impestre overwinters rather frequently in the stems of surviving plants 
of cabbage and brussels sprouts. No cauliflow'er plantvS live over winter. Kepeated 
attempts to secure infection in the spring with soil and plant refuse from previously 
infested cauliflower fields have failed. Cauliflower plants grown to maturity in choe.M*- 
cloth cages have remained free from disease, while others just outside wer(‘ badly 
attacked. Plants in the cages made an extremely luxuriant growth and wctc proven 
by inoculation to be more susceptible to the disease than those outside. Protecting 
plants from contact with cultivation tools, horse.s and man, by fencing, and from rain 
by a glass roof reduced the amount of disease. Negative results from attempts to 
spread the disease with worms, but observations ixiint to other insects as major dis- 
seminat ors. 

Control meaMires tested: (I) Pemoval of atTected loaves or ])ortions of leaves — no 
control. (2j Thorough poisoning of chewing insects — no control. (;l; Spraying with 
Bordeaux jilus a spreader— no control. (4) Seed and seed bod tr{?atment.s— -good control 
in several exp('riments. (5) Applications of lime and fertilizer influenced the amount 
of disease. 

Control of Uack-roi and black-leg of cruciferous crops by seed and se^d bed ireaiments. 

E. E. Clayton. 

Bacterium campeslrt infected brussels sprouts seed and Pharm lingam infected cabbage 
seed w^ere subjected to the following treatments with disease control as noted: 
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Primary Systemic Black Leg 
Black Rot 


(1) Check 37.8% 24.5% 

(2) HgCL: I to KMX) seed soaked 30 min 18.0 3.0 

(3) <fe (4) Hot water 50 C, seed soaked 25 and 33 min. 0 0.3 

(5) HgCl,: 1 to 1000 applied 3 times to plants in bed 

as for maggot control 0 2.4 

(6) EJordeaux 4-^5-50 applied same as (5) 22.3 4.5 


Lots (3) and (4) stood transplanting with the least loss and made the most uniformly 
vigorous growth in the field. 


Bdaiion of soil iernpfratvre and soil moisture to infection by Plasmodiophora hrassicae, 

John Monteith, Jr. 

The influence of soil temperature and soil moisture on the development of clubroot 
on cabbage seedlings has been studied in the greenhouse using naturally infested soil 
at constant temperatures and with constant soil moisture throughout the experiments. 
Soil temperature appeared to have little influence on the development of clubroot except 
as it influenced host development. Clubbing occurred at all temperatures favorable 
for cabbage gro>\i:h with the same optimum temperature for the disease as for normal 
hast growdih. Soil moisture was found to be a more influential factor than temperature 
in clubroot infection. In soil kept at a moLsturc content below 50% of the water-holding 
capacity the disease did not develop even though there was sufficient moisture for 
(;abbago groA^th. Infection oc^curs with moisture from about one-half the >vater- 
holding capacity up%vards, and the severity of the disease increases with the higher 
moisture content up to saturation. The disease may develop on the roots without 
severely checking the growdh of the plant when the soil moisture is limited, but when 
the soil moisture is excessive the diseased roots are soon destroyed by secondary decay 
organisms and the plant dies. 

Effect of ike mercuric chloride treatment fo7' maggot mi Rhizocioiiia and club-root of cabbage. 

W. O. G LOVER AND H, GLASGOW'. 

During the past three years of work on maggot control, it has been observed that 
mercuric chloride (1-1280) applied to cabbage seedlings reduced Rhizoctonia as well 
as maggot. In 1923 various irmggot treatments w^cre applied to four plantings (one 
each on cla}^ and sandy soil and two on loam). A typical example of mercuric chloride 
plat where 1, 2 and 3 applications w'ere made show'ed respectively 18 per cent, 4 per 
cent, and 2 per cent Rhizoctonia, while the check showed 50 per cent infected. Wiere 
tobacco dust (controlled the maggot 83 per cent showed Rhizoctonia. 

A similar planting test of 30 plats w'as juadc on a seed bed thoroughly infested with 
Pla^modiophora brassicae. Solutions of calcium hydrate, copper sulfate, ammoniacal 
copper carbonate and copper lime dust (13-87) had no effect on clul>-root. With mer- 
curic chloride no club-root w^as found when only one application w'as made to the seed- 
lings. This method of treatment appears a promising one for general soil sterilization 
when a plant needs the temporary aid of a fungi(dde w'hile passing through a critical 
period of susceptibility to infection. 
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of specks of Allturn to onion smut. P. J An^i>erson. 

The usual explanation of the orij^in of onion «inut is that it existed on some wild 
species of Allium before it mijrrated to the (‘ultivated form. This explanation pre- 
sllppo^es that, then* are other species which are susce})tible. In order to determine 
whcllu'r such is the case s(‘ed from as many spe<‘ies of Allium as could be secured W’ere 
planted in soil heavily infested with I>ro(\ysffs ce/pulae. When the se(3dlings came up 
they were examined for smut lesions and the percenta^ 2 :e of infection rc(‘ordcd. Sixteen 
of the IS spec'ics tried were found to be susceptible tt) smut. A. CepUy Porrumj fistut 
losuui, ualaus and hhani are very susceptible. A. riigruin, ohlniututty ainpeloprasurn 
and liookcn are fairly suscej^tible A. polyphyllutu, Scor'cuio pros urn, volhynicum, foIln.Xf 
(loravasicumy sihiricunf and the Winterbcck onion are resistant but not immune. No 
smut occurred on A. On opraswn and A. rnohj. 

Temperature relations of Urocystis cepulae (Frost). J. (1 WAfiKEii AVD F. L. WroTiLMAxr. 

The relation of temperature to j^erinmation and growth of the onion smut funjeus has 
been studied. Chlamydosixires ami the “hyphal fragments/’ the latter assuming 
certain functions of sporidia, aerminate best at about 15° C. Tlie minimum tem- 
perature for both IS slightly below' 9° C. Above 27^’ germination is meager, an occasional 
chlamydospore germinating at 3(P to (Irow’th of mycc'liiim on favorable me liuiri, 
such as onion agar, is b(*st at about 22° and almost as good at 25°. Thi're is decided 
reduction of growth at 27” and it })ractieally <‘case.s at. HO” ( \ It would appear, th(*refore, 
(hat the inhibition of inf(‘ction pre.viously noted (Jour. Agr. Research 22: 2H5. 1021.) 
at a soil temperature of 20°, or abov^e, is due largely to the direct inhibiting ofYoets of 
higher temperatures ujion the dex'^elopmont of the parasite. 

Oerurreiiee of white rot of Alhurn {Srhrotium cepirorum Berk ) in Europe and America. 

J. (J. Walkkk. 

This <lisease is commoidy destructive to onion and h‘ck in the Hritish Ish*s, Holland 
and France, and to garlic in Spain and Italy. The cau.sal fungus has undoubtedly 
been introduced to this continent re]>eate{Ily with bulbs of onam ami garlic. However, 
only two authentic reports of its occurrence in America have* been made, from Oregon 
in lOlS (identified by Prof Whetz<‘l) ami from Norfolk, \'irginia, m 192H. In soutiuTn 
and northern F.urope the dis(*ase is most destrm*tive dining the eoolt*r sjiring or autumn 
periods. The (*ausal fungus attacks all subterranean parts of the plant, eventually 
destroying roots ami bast's of the scales. C’hara(*t.(*ristie minute black scU'rotia are 
formed almndantly wilhin or upon tlu* decaying host t.issue Laboratory studies show* 
the orgiinisiti to bt* favored by comparatively love temI)cratu^‘^ On potato agar most 
rapid growth is at 20” to 2H” (*. with a maximum at about 2S' Most vigorous infection 
takes place, how'ever, at soil t(*inporaturcs at 12” to IS”; much less occurs at 22” and 
practically none at 20”. It is to be expected that the disease would develop most readily 
m our souUu'rn Kc<*tions where onion, garlic, and shallot are grown as winter crops. 

A Fmarium hulh rot of onion. H. C. Tims axd J. C:. Walker, 

A Fusarium bulb rot of onion is commonly destructive in the onion set growing 
section of Illinois. It appears a fevr weeks before harvest and oontinucs through the 
storage period. Infection ordinarily takes place at the stem plate and cause.s a dry to 
seini-wntery decay of the scales, w ith yellow'ing and premature dying of the tops. In 
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August , u s{>e( i(‘h of I'usariuui was isolated from typi(;al specimens of tlie disease 
and its pathogonicil y was proved by wound inoculation of mature bulbs and growing 
plants. 1 h(* temperature range for the disease boi h in storage and in soil is from J4° C, 
to 32*^ (/., or above, with optimum development at about 2()° (1 The o])timum tem- 
perature for growth of the fungus on potato dextrose agar is also about 20" C. Soil 
moisture has no direct effect upon the development of the disease under greenhouse 
conditions. The causal organism belongs to the section Klegans of the genus Fusariuni. 
It apfiarently agrees exce[)t for certain minor charactt'rs with the rather inadequate 
description given for Fumriuvi ccpac IJanzawa (Myc. Cent 5l 4. 1914). 

liean triU {Hactcrium Jlurnnnfacinis Hedges). F iirOier stiidie.*i. Ki.orenci!: If edges. 

A wdlt of navy bean was briefly des«‘ribed m Science m A]>ril, 1922. Field and green- 
house experiments have p^o^"ed that tin* disease is seed borne and that the causal or- 
gan sm may live inside and on the surface of the seed and retain its virulence for at 
least five years. The parasitij has been isolated from s(‘ed from Michigan, South 
Dakota, Montana, Maryland, Distra*t of Columbia, Fran(‘e and (icrmany. (Seed 
from .si»edsmcn except in first two ; 

The disease is primarily a wilt but it is occasionafy accompanied by yellowing. No 
stomata] infections have been obtained 

Fods containing mf(‘ctcd seed may ajipear jierfeclly sound or the mfeidion may be 
seen follow mg the' suf ure lieanng the .seeds, sometimes broadening out from it somewhat. 
In immaturi' pods the disinised area may be yellowish greiui and somewhat withered. 
Som(‘time> it a[»{)ears more or le.ss water-soaked ft is moie (‘onspiciious on the mature 
pods', the diseased area brnrig disiadored (greenish brown) while the rest of the pod is 
yellow\ 

Diseased sei'd may liuve a thick, Imght yellowy bacieiial layer beneath and .diowdng 
througii th(‘ seedH'oat, or may be covered with shmi* externally or have only a small 
amount at the hilum Tlicy r<'seml)le .seeds intected with ^uun phascok. 

The ('fleet (\f late planting on tin bacterial hligld of beans. W. O CiLuVER. 

\V(‘lls’ r(‘d kidney beans hav<‘ been planted in paiulh'l lows at intervals of ten days 
from May 29 to July I, since 1917. J^ate plantings showed less disejuse than early 
plantings. For (icnexa, N. jdantings made June lo or later w(*re tree from weevil 
insect punctures (dimples) and least .subject to blight Two jiciiods of susceptibility 
to blight vserc obscrvi'd. 'The first period begins with the germination of diseased seed 
and ceases with th(* formation of the third leaf. The second period begins at }>od for- 
mation and eontinu<‘s until maturity. Some resistant vaneta's and crosses (uve their 
resistaiiee to the deJay of pod formation until the cool days ot Se])teinb(‘r 

Flowers and pods were ])i(‘ked from a hundred foot te>t row of rod kidney beans on 
July 23, 27, Aug 10, 17 and 23, 1923 At the hi.st })iokmg, the plants of this nnv were 
free from bhglif while 9f) per cent of those of the next row% the check, were diseased. 
After 25 days without pieking the test row’ .showcii a condition noted Aug 23 on the 
check. This ndicates that susijeptibility to bacterial blight occurs when there is 
maximum translocation of nutruuits. 

Soy hmn past ale. Comparalirc studies irtlh Bdclenum phaseoli sojensc Hedges and 

Bacterium phaseoli E. F. S. Florence 1Ibi>ges. 

This disease, briefly described in Scienc-e m July, 1922, has been found on a large num- 
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her of varieties of soy bean and is known to occur in Texas, Virginia, Louisiana, South 
Carolina and Kansas. Cross inoculations with Bacterium phaaeoU aojense and Bacterium 
phaseoli E. ¥. S. showed that the former will infect Phaseolus but is much more in- 
fectious to soy bean while the latter is only very weakly pathogenic to soy bean. Spray 
inoculations made with Bacterium phaseoli E. F. S. on soy bean seedlings or older plants 
in an inoculating cage produced little or no results but excellent infections were obtained 
on the cotyledons of seedlings grown in damp chamber and inoculated therein as soon 
as they had germinated. No pustules have ever been observed in inoculations with 
Bacterium phaseoli E. F. S. 

There is some evidence that passage through Phaseolus increases the virulence of 
Bacterium phaseoli sojense for the same. It produces no pustules but an infection 
resembling that caused by Bacterium phaseoli E. F. S. 

The colonies of Bacterium phaseoli sojejise on beef agar plates are commonly char- 
acterized by striking internal convolutions sometimes visible to the naked eye. It is 
often impossible to obtain the organism from drie<l leaves although it has been obtained 
from herbarium material S months old. 

A new downy mildew mi soy beans, iS. G. Lehman and Frederick A. Wolf. 

A leafspot disease of soy bean caused by one of the downy mildews has been observed 
in several localities within North Carolina. The disease may be recognized by the 
presence of indefinite chlorotic areas which change to grayish brown irregular lesions 
with well defined dark browm borders. A dense grayish coating of conidiophoros may 
cover the low^er surface of the lesions. The causal organism is a species of Peronospora, 
which when compared morphologically with previously described species on legumes 
is manifestly distinct. It is accordingly described herein as a new species and is given 
the name Peronosjxyra sojae. 

Tomato wilt. R. P. White. 

Resistant varieties of tomatoes developed by numerous institutions have met wdth 
varying degrees of success in Kansas. The Louisiana Red and Pink varieties have 
proven the most resistant. From a limited amount of data, there are indications that 
resistance is recessive. Selections made from resistant individuals of a cross between a 
resistant and a susceptible parent in the F« generation have proven resistant in both 
the Fs and F4 generations. High soil temperatures have been found to increase the 
severity of the disease. Using a soil composed of one (juarter santl and three quarters 
garden loam, it was found that soil moistures below 17 per cent of the dry weight and 
above 27 per cent of the dry weight prevented infection. The oi)timum soil moistures 
for infection were found to be between 20 and 25 per cent of the dry weight. 

Some new methods and results in the control of lettuce diseases with formaldehyde. W. S. 

Beach. 

During tluee years in the culture of lettuce under sash near Philadelphia, Pennsyl- 
vania, sterilization of seed beds with formaldehyde — 1-100 dilution applied a gallbn 
to the square foot — decreased ‘Mrop” to losses of 1 to 3 per cent as compared with 8 
to 35 per cent on unsterilized soil. 

Aiming to reduce the excessive labor of applying a 1-100 dilution with watering-pots, 
experiments in applying the same amount of formaldehyde to like afeas in dilutions of 
1-33, 1-25 and 1-10 were conducted, more w^ater to drench the soil being added with a 
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hose or portable Skinner irrigation. The results were 8.5 to 12 per cent infection as 
compared with 20 to 60 per cent on check plots. A large fai^tor in the lower degrees of 
control was Botrytia jjp., it being controlled to a less extent than Sdcrohnia Ubertiana. 
While the efficiency of these treatments was not ideah the results were remunerative 
and large-scale application was possible. 

In transplanting lettuce to the field in early spring, increases in marketable product 
of 14 to 51 per cent W'ere obtained by the use of seedlings from sterilized seed beds, 
although the seedlings were set in imsterilized soil. These iiuTcases arise from the 
seedlings escaping infection by S. liheriianaf Bolrytis ap.j Rhizoctonia and probably othei 
fungi. 

A ScleroHum dismse of Yautia. Mel. T. C'ook and Rafael A. Toro. 

The Yautia (Xanthosoma sp.) is grown extensively in Porto Rico. During the past 
few montlis numerous reports of disease have been reported to the writers. It w^as at 
first supposed that this disease w^as due to an organism foimd b.y our predecessor, Mr. 
J. Matz; but study show^ed that most of the trouble was due to a Sclerotiurn which 
is the same or very similar to S. Rolfm. Kx|)erimental work has demonstrated that 
this organism will attack the growing plants and cause a very rapid decay, but w^e have 
not aifyet determined wdiethcr a wound is necessary. Mr. Matz left preserved material 
showing a Monilia-like organism but w'e have not yet been able to locate this organism 
in growing plants. We have also fouiwl a few' cases of a decay apparently due to 
a dilTerent fungus but have not as yet determined its character. 

Studios OH Fusmium wilt of sp%nach in Texas, J. J. Taubenhaus. 

During the last three years, the writer has come across a w ilt of spinach which he 
has studied and wdiich he found to be caused by a. speedes of Fusanurn. Recently, 
Hungerford has described a Fusariimi wilt in Idaho which he named Fusarium spinaceae. 
From our own work, it seems that the spinach Fusarium in Texas is dilTerent from 
that in Idaho. 

In addition to studying the pathology, morphology, and pliysiology of the causal 
organism, several varieties of spinach have })een planted on badly infecled soil. Of the 
many varieties tested, the New Zealand spinacli was found to be very resistant. 

An apple stem tumor 7 ioi crown gall. Nellie A. Brown. 

Ajiple stem tumor has been considered a type of crown gall by pathologists, ento- 
mologists and orchardiats for a good many years. The crowm gall organism, Bacterium 
tumefatucHs, was isolated from galls at the crowm of ai>ple trees arul from the hairy roots 
of apple trei'S by the wTiter in her early work with crown gall diseases. (These were 
proved, by inoculations.) The stem tumors wt*re worked over occasionally but Bacte- 
rium tumefaciens was not isolated. However, the writer considered the disease a form 
of crowm gall. In 1928 an extensive study of the disease w'as undertaken. Abundant 
material was received from various parts of the United States from which several 
hundred plates w'ere poured. Sometimes colonies resembling those of Bartertum 
tumefaciens appeared on the plates. These, ho\Yver, did not pro\ to be the crown gall 
organism as shown by culture or inoculation tests. 

The presence of woolly apple aphis on stem tumors and on the numerous small swell- 
ings in the axils of the leaves appeared suspicious. Orchards were examined where 
stem tumors were abundant and the woolly apple aphis w^as found on the trees and on 
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the tuniorK themselves. Root Kails prodaeed by the woolly aphis were on the majority 
of these trees While the faet of their res|Mjnsihility has not been proverl, tlie evirlenee 
is stronK- 

HeUitionfi of tnfi]>eraUnr and moUtiirv to tke development of crown gall. A. J. Rikek. 

Experiments with erown K^ll conducted on tomato indicated that the size of Ralls 
devel()}>ed on stems under soil, which was kept at 14”, ItS”, 22°, 26°, and Ii4° C., 
increased with the teinpiTuture up to about 22° and then decreased. Considerable 
inhibition apjKjared at 80° and above. On stems in the air no Ralls were secured at 
temperat iires above 82°. Calls developed in .soil in a series of containers, in which the 
moist ure content w\as n^Rulatetl at 20, 40, 00, and 80 per (‘ent respectively of the w ater- 
holdinR capacity of the soil, Hho\v<‘d larRcr size with increased moisture up to 60 per 
cent. Those (hwolojied in .soil containinR SO per cent moisture developed about as those 
in 40 per cent. The mcreas(‘d size f)f galls with lugher temperatures and larger arnount.s 
of moisture w'as partly correlated up to 22° wdth the greater size of the plant. The 
tallest plants w’^ere secured at 80° and 80 per cent moisture, wdiile the largest galls were 
found at 22° and 60 per cent moisture. 

Strawberry leaf ’‘Si or ch. Fhkderick A. Wolf. * 

This disease w^as first collected in Europe nearly on(‘ hundred years ago and has 
been kiiowm in the rnitcd States for nearly forty years. CollectioiH have been made 
in New York, Connecticut, New Jersey, Indiana, VVe.st Virginia, U'isconsin, Montana, 
Maryland, Louisiana, Tennessee, Florida, and Nortli Carolina. Jt is regar led as the 
most destructive di.sease of thus crop in North Carolina,. 

Purplish to reddish lesions which coalesce and involve Hie entire leaf surface give to 
the plant a burnt apiiearancc, hence the common name Affected plants may be 
WT^akenod and succumb during summer. The disease appears also upon petioh's, fruit 
pedicels and calyx lobes The impairment of the fruit results largely from the infection 
of the calyx. 

The organism has two stages, acervuli which are subcuticular of the Marsonia type 
and a.scocarp.s. Connection between the stages has bt*eTi deinoiihl rated by the ap- 
pearance of both on the s.'ime lesions, by growtli in pure culture and by inoculation 
experiments. Species of I’otentilla are not .subject to infection by this organism. 
Study of the inorpliology and devekipment of the a.scocarp show's that it is one of the 
Phac.idiales, not ) i ‘ >* tli' is hw hitlurt) b.\*n believed. 

The grey bvlh-rot of luhps. If. II. Wuetzkl antd John M. Arthur. 

This disease long know'n in Holland and ( Jermany the scderotium disease of tulips is 
here reported apparently for the first time irom America. The identity of the pathogene 
with the fungus descrihexl by Klebahn a.s Sdefotium tuUparmn has been establisluHl. 
A critical study of the fungus indicates that it is a Rhizoctoriia rather than a S<‘lerotinia 
as sugge.sted by Klebahn. The orgaiiiam is therefore transferred to the former genus 
under the name Rhizociomn tukpanim (Klebahn) nov. comb. No perfect stage has been 
disco veretl. 

Soil disinfe(‘tion exjKTimcnts made in October, 1928, indicate that the fungus may be 
effectively eradicated from infested soil by the application of formaldehyde solution at 
the rate of 1 lb. (40 per cent) formalin per 5 .square feet of soil .surface. The drench used 
was made up at the rate of one part formalin to fifty parts water and was applied 12 
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days before planting the builds. Control plote showed in April, 1923, but 6 to S per 
cent of a stand while the treated plot gave a stand of 96 per cent, 

A sderoHal discrise of cullivaled I)(dphinium. D. 8. VVelcui. 

Specimens of diseased Delphinium were sent to the Department of Plant Pathology 
at Cornell University from Long Island, N. Y., Pennsylvania, Indiana and New Jersey. 
The stalks and especially the crowns of these plants showed signs of the jiresence of 
some fungus. Sclerotia w^ere found attached to the diseased j)ortions and cultures from 
these as w'ell as tissue plantings from tlie interior of the stalks yielded the same type 
of organism in every case. Growth on potato dextros(‘ agar produced abundant white 
mycelium and a considerable number of sclerotia which were very in-egular in shape 
and size, 0.1 to 1.5 cm. or larger and often coalescing m masses, wJute at first, (‘hanging 
through buff and tan to dark brown but ruwer to black. Clamp connections w^ere found 
in the mycelium. Inoculation (‘xperiments showed that th(‘ organism is readily patho- 
genic to both the annual and ptacnmal varieties of cultiv^ated D(‘lphinium. The 
progress of the disease is vta'v rapnl, the lower leaves become slightly yellowed and the 
upper leaves may still be green and scarcely wilted when th(‘ plant falls over due to the 
deaili of th(‘ tissues at the crow’n. This fungus cannot lx* identified with any describc'd 
species and th(‘ author proposes tin* name Sdcrotixiw Delphi ntt to designate this path- 
ogene. 

Notes on the Nunatosporo ch sense of lima beans. 11 . W Andeuson 

A Neniatospora closely ix'scmbling Ne.matospora phnst'oJi Wincgard was found pre- 
valent ill a field in southern Illinois I'he seixls were obtained about two years ago from 
(/alifoniia and the grower has used his own S(‘ed (‘xelusively. No other iK^ans have^ been 
grown in the neighborhood Dric'd lima beans bought iii a local (('hampaign) groci^ry 
suyiposedly obtained from California m 1922 showed this dis(‘ase A survey of th(i 
large commercial lima bean sections should be made to d(*lermine the distribution of 
the ilisease and measures shouhl be taken to jireviuit its introduction into new^ areas 
.since inf(‘cted fiedds arc a total loss. 

A cytological study of this Neniatospora shows clearly its relationship to tin' true 
Ascoinycctes but indicates some pcculiai variations in th(‘ luichair behavior. 

Fusion of 111 nutc active cells indicates a true sexual conjugation, but the cells are so 
small that it is impossible to determine the nuclear behavior after fusion. 

77?c name of the American hroivn-rot Selrrotmia. J. B, S. NoitTox axd Walter N. 
Kzekiel. 

For years tlie taxonomy of 1h(* Sclerotinia causing browTi-rot of stone and sometimes 
pome friuts in America has b(*cn m doubt. FXtcnsivo cultural and inoculation experi- 
ments have confinned tin* ivsults of H. Wormald, and shown that the American sjiocies 
IS distinct from not only tin* Kutopcan S.frnehnjenn but also trorn S einerea The wriU'rs 
propose the name NV/crob am americana fW'ormald) comb, nov^ foi the common American 
species. (N rimrea (Bon) Schroeter, forma amencana WOrmald; Ann. Bot. 33: 361- 
404, 1919, and 34 : 143-171. 1920.) This is the fungus widely destructive m this 

country, whose apothecial stage was d(*scnb(>d by Norton, and which was studied and 
described by Ueade, Matheuy, etc 

The species numtioned (‘an be different ated macroscopicall\ on jiotato-glucosi* agar 
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plates by variations in the rate of growth, production of conidia and aerial hyphae, and 
shape and elevation of the colony. 

Siraim of the hrown-rot fungus^ Sclerotinia americana Walter N. Ezekiel. 

Variation within the species of Sclerotinia causing brown-rot of stone and pome 
fruits in this country has been previoasly noted. In studies with single-spore strains 
exteiifling over a period of more than three years, the wTiter has been able to prove by 
repeated series of cultures, inoculations, reisolation and reinoculation, that those vari- 
ations arc genetic characteristics of the re.spective strains and not responses to en- 
vironinental influences. The cultural characteristics of Sclerotinia amencaiia strains 
arc, under given conditions, invariant for each strain. Continued cultivation under 
similar conditions does not remove distinctions between strains; nor has cultivation 
under difToront conditions induced variations within a single strain when it is again grown 
under uniform conditions. 

IJyphal anastomosis may take place in agar plates at the junction of colonies of dis- 
himilar as well as similar strains and s{)ecics. It is suggested that strains ma}' arise* from 
such fusions within rotting fruits. 

On the physiology of the getnis Vhytophihorii. Leon II. Leonian- 

Sixteen s])ecios of Phytophthora were grown iii a nutrient solution of known com- 
position; ilie vigorously growing mycelium was then washed in torile distilled water 
and transfcrreil to various solul ions of one hundredth molar (‘oncent ration. Nine sugars, 
six amino-acids, four organic acids, and two basic* salts have* been tried thus far. All 
of the organic acids and .*ome of the amino-aeids inhibited, more or loss gc*n(‘riilly, the 
zoosporangia formation. The remaining amino-aeids, tlu* sugars, and the basic salts 
induced an abundant asexual reproduction. Single food constituents suppress(*d oogonia 
and stimulated zoosporangia, while a proper (*ombinution of these gave rise to oogonia 
as well. 

./Ur supply eoastitutes the chief factor in reproihietion. A lack of fimd was not found 
to be a controlling factor, since large* quantities of zoosporangia fonm*d (*vf*n wh(*u the 
cultures were transferred to a fresh supply of nutrient solution (‘V<‘ry day. 

Ten new’ synthetic and semi-synthetic solid media were dt*veloped and the* organi.sms 
were studied in these. Not only the rate and tlie nature of growth, zoosporangia and 
oogonia production showed sharp specific eharacteristies, but the shape and size of the 
my(*elium exhibited very profound and typical changes. 

Spore germwaiion of Phytophihora infeslatt^. B. N. irpPAL. 

Very little is understood regarding the effect of various substances on spore germina- 
tion. Spores of Phytophthora wfesta^ns were placed under favorable conditions for germi- 
nation, excejit that oxygen around the cultiu'cs w^as eliminated by an air pump, by the 
potash-pyrogallol method, and by its replacement with a nitrogen atmosphere. Germi- 
nation occurred when air pump and nitrogen atmosphere w^ere used. In the potash- 
pyrogallol method, when the desiccator wras placed in the refrigerator immediately, 
there w^as some germination; but if the desiiicator was held at 20® to 22® C. for a w^hile 
before removing it to 10® C^, germination became very doubtful. The absorption of 
oxygen is very slow in cool air, and it is also behoved that by slow absorption of oxygen 
there is abundant production of ('O. 
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High boiling products of crude petroleum — vaseline, parafiin-wax, and paraffin oil — 
stimulated gennination, vaseline affording a remarkable stimulus. On the other 
hand, low boiling products — petroleum ether and gasoline — at the bottom of the moist 
chamber, inhibited gerirunation ; methyl alcohol and formaldehyde, under similar 
conditions, also inhibited germination. Vaseline more than offsets the inhibitory effect 
of gasoline, but in other cases the inhibition was complete. 

Tlie best germination occurred in 1 per cent of sugars. In 10 per cent, inhibition of 
germination is associated with high osmotic pressure, which firings about plasmolysis. 
Cellulose and sugars appear to act differently at about 2 per cent and lower con- 
centrations. 

Summary of invrfiiiyatK/tts o7i clo/irr rusfs. W . H. Davis. 

Itesults of ol)vS(^rvatioiis, inoculations within the species and reciprocal inoculations 
with rust spores of Uromyces sp. removed from our (‘ommon elovers, white, Tnfolium 
repens Jj.; red, Tnfoiium yraU^mr L.; alsikc, Tnfolium hyhruhmi L. and mammoth, 
Trifohuiu uirdtum L. are as follows: 

1. The rust on white clover is aiitoecious, an eu form and a separate species, XJromyces 
trifolh’-repe utis (( ’'ast . ) I iiro . 

2. '’J''he rust on red clover is autoecious, an eu form and a separate species, Uromyces 
irifolii (lledw. f.} Lev. 

3. Mammoth c1ov<t is parasitized by rromyccs tmfoUi (lledw. f.) Liro 

4. I'he ruht on alsihe clov(‘r is autoecious, an eu type and a s(‘parate sptaies, Uromyces 
hyhrifh D.avis. 

5. Sowings of aeciospores, vm'dmiospores and tehospores fiom alsikc clover failed to 
infeet wdiite, red, medium an<l criin.son clover {Trifoltiim incarmdum L) but inf(‘cted 
alsike clover producing th(' clmnict eristic spore fornis. 

6 The jirincipal niorphological diffenmce noted is that tlu' inner and the outer walls 
of the jieridial cells in the accium from T hyhndum are thinner than those of the aecia 
in T. repv.tia and T. prateune. The inorpliological difference between the rust on 
T. hylrridurn and that on T. repems is more striking than l>ctw'(*en the rusts on T. repens 
and T. praUmsc w hich nr(‘ classified as tw'o different spcM’ies 

Co 7 ijugatio?i in the aecium of Dicaeoma distirhlidis K J I’etry a\d L^ n'n D. Hutton.’*' 

From field observations of the senior writer, made in 1921, it was suspected that 
aecia found on leaves of Slnrouema nliatimi (L.) Kaf. w'cre caused by tolia on Sportina 
cyyiomronicii (L.) lioth. The latter were intimately mingled wdlh young Stcironcma 
shoots whose lowTir leaves w^ere affected. New^ infe(‘tions on young leaves, after rains, 
explained this loea,tion of the first aecia found. 

The rust, after further study, was referred to Dicaeoma disticfilidis (i^lllis and Ev.) 
ICuntze, whose aecial stage on Hteironema had already been connected with the telial 
stage on Spartina. 

Since the aecial material would lend itself to ordinary histological methods the wTiter 
decided to see if (ionjugation stages similar to those found in several rusts by other 
investigators exist here. Briefly stated, some of the results are as follows. 

1. Pycnia and aeeia arise from uninucleate mycelium an<l are functkmally unrelated 
in aeciospore formation. 

♦ Junior Author. 
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2. The aecial hynienium consists of the conjugated ultimate or penultimate cells of 
the subhyinenium. 

3. 1’he size of the conjugation aperti fe through which one of the conjugating nuclei 
passes, varies in different oases. 

4. “Trichogyiiar’and “ I )uflfer’' cells of .sevend authors were found. These disappear 
before maturity of the aeciospores. 

An mdeaenhed iw'perfad fungn^ asmmted xchevtt foot-rot in Oklahoma. H. H. 

The writer found this fungus an<l also Uvlminthmimrium mtivum associated with a 
fool-rot of wheat- grown near VV(K)dward, Okla., in 1923. Young cultures of this fungus 
can not be distinguished inacros<*opi(jally with certainty, from cultures of H. sativvm. 
Older cultures of the mides(;ribed fungus differ from the latter, however, in that they 
develop numerous sclerotial structures and a sclerotial crust on the surface of |)otato- 
glucose agar. The conidia are light to dark brown in color, elliptical m form, tri-septate, 
and are borne in clusters containing from two or three to fifty or more, on simple 
or branched conidiopliores. Conidia produced on host tissue have been found to average 
12 X 30/1 in size. From the standpoint of conidia this fungus might be classified as a 
Hclminthosporium or a Brachysporium, depending on the point of view' accepted. 

Inoculation studies .show' that the fungus is parasitic on the underground parts of wiieat 
seedlings. The type of injury re.sembles closely that produced by Helminthoi^onum 
sativum.. The parasite is of unknowui economic importance. 

(Cooperative investigations by the Wisconsin .Vgricultural Kxperimcul Htation and 
the Office of Cereal Investigations, Bureau of Plant Industry, V. S. Department of 
Agriculture.) 

Studies on predis posit mn of u'hvat and cmoi to seedling Uight camd hy (tthberella saubiuciri. 

James C. Dk’Kson, Sophia H. Kckekson, and Kakl P. Link. 

Wlieat seedlings blight w'hen grown in a warm soil, above 12^ corn seedlings blight 
w'hen grow’n in a cool soil, below' 20“ (’. \Micat, therefore, is predisposed to blighting at 
the higher and corn at the lower soil tein^wratures. IJmiting soil moistui-e or hglit in- 
tensity likewise predisposes tlm seetllings to blighting and limits their response to 
temperature. 

My<*ehal penetration, w'here no blighting oecum^ is ]imite<l to a slow digestion of the 
middle lamellae, whereas, at temperatures favorable for blighting the cell w'alls are 
penetrattsl with seemingly litth' resistance. 

The chemical nature of the germinating embryos aiiparently depends upon the kind 
of building substances availalile and their proportion one to another. Because there is 
an abundance of dextrin and sugar, and relative y little available protein material 
in till' wheat embryos grown at the low' temperatures, these plants have thicker, more 
resist ant cell w alls. At t he higher tem}H‘ru t ures, however, there is more rapid vegetative 
growth w'ltli less dextrin and sugar available for building and thickening cell walls. 
Likew Ise, b(*caiLsc‘ ol an abundance of sugar and fat available m the corn t*n hryos at the 
high tempera hires, a carbohydrate reserve exists for building thicker, more resistant 
cell w'alls. 

(Coopcrati\'e mvf'stigations by the Wisconsin Agricultural Kxperiment Station and 
the Office of ('ereal Investigations, Bureau of I^lant- JnduRtry, U. S. Department ol 
Agriculture.) 
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Poria cocus developed on tuckalu found attached to orange tree root, George K. Weber. 

Several tuckahoca were found, in June, 1923, attached to the roots of an orange tree 
near Gainesville, Florida. They varied in weight from 5 to 9 pounds and were irregular 
in shape. The outside covering was bark-hke, brown and tough. It varied from 3 to 
8 rnni, in thickness The inner texture was white, starchy, spongy and gave off a mush- 
roorn odor. One of tliese bodies was sterilized foi twenty minutes in a 1-1 000 solution 
of corrosive suldimate. It vas then carefully washed in five changes of sterile distilled 
water tind phu'ed in a sterile moist chamber at room temperature exposc'd to intcr- 
inittent light. After ten days a chocolat.e-brown fungous growth apiiearcd in several 
places on the outsirle covering, this gio\\th matted down and fruiting stiuctiircs devel- 
oped of a resupinate nature itpimrenily that of a Toria sp. Tlie pores wen* irregular, 
2 to 4 mm. deep, and of a distinct chocolate-brown (iolor. The basidiospores were 
greyish white 0-9 X 2-4 ju. 

Biologiral aiul cultural studit,s of Kxoascauae. /, Exoasrus (hfon/iatis (llerk.) Fuclel. 

A J. Mix. 

Isolations w'cre made rom ascospore-bearing leave.s and from the interior of diseased 
leaves and stems Single-ascvm cultures were used for study On soliil media a slow- 
growing, yeast-likc, delicately pink colony is fonned. Cells formed in culture are; 
budding “coni<iia,” short mveeha, and “resting cells.” In their germination resting 
cells rescmlile ascogenous hyphac. 

Minimum temperature for growth is below’ 10® C., ojitimum about 20° C., maximum 
between 20° ami 2.0° (k ( -ultures are killed m a few^ days at 30° (J. The thermal death- 
point is 40° (’ 

C’ells from (mlturc survive desiccation on glass at temperatures of 9°, 22°, and 30° C. 
for at least 140 days. The thermal death-point of cells in smears dried on glass is 
100° (k 

Limits of growth on potato dextrose agar and m potato dextrose broth arc beyond 
pi I 3.3 and pi I 9.0. On the agar best grow th occurred at pli 4.9. In general the acidity 
of the broth was increased, but m broth with an initial pll of 3.9, no change occurred. 

Inoculations piirformed out of doors on buds previously sprayed with formaldehyde 
w’ere successful. Ckilture.s twenty-two months oM proved virulent Atteicpts to 
inoculate very young seedlings failed. 

B'iologwal and cultural studns of Exoaacacrae. II, Exoascitis rnirahdhs Alhthson. A. J 

Mtx. 

Isolations w ere made from ascospore-bearing surfaces and from the intt^rior of diseased 
shoots of Pruhuis cm gusli folia. I’he fungus grows well on various m(*dia. It cannot be 
distinguished by means of cultural characters from Exoascus deformans. Similar types 
of cells are formed in culture. 

Limits of growth on potato dextrose agar are in the neighborhood of jiTI 2.H and 
pll 11.2. Best grow'th occurred at p!f 4.2. In ])otato dextrose broth, growth occurred 
at all concentrations tried between pH 10.45 and pll 3.28. No growth occurred at 
pH 10.90 and pH 3,0C. Increased acidity occurred in all broth cultures except those 
with hydrogen-ion concentrations higher than jilI 4.0; in those no change occurrcHl. 

Spraying dormant trees with lime-sulfur 1 to 20 prevents infection, indicating that 
some spore-form overwinters. 
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Sepal iup'ction in relation to the seasonal developmenl and control of apple scab. G. W. 

Keitt and L. K. Junes. 

8tu(hes condm^teJ during thc^ last five years have shown that sepal infection bears 
very important relations to the seasonal development and control of apple scab, espcci- 
ally' in seasons of severe outbreaks in early spring. Under Wisconsin conditions 
aacospores are ordinarily mature by the time the ti])s of the young leaves in the un- 
foMing cluster buds an^ exposed to mfecfion. The sepals are the first blossom parts so 
exposed and may be infoctorl many days prior to the “pink” spray stage. Sepal 
infections establish the fungus on the young fruit in a most iavorablo position for 
early secondary infections. Sutdi infections are much more injurious than those w’hich 
develoj) Inter, and account for a largi' percentage of badly scabbed fruit. In our 
spraying cKpenments failure to control sepal infection has uniformly resultetl in un- 
satisfactory control of the disease. A well timed ‘‘pre-pink” treatment with a 
suitable fungnude hdlowed by the usual .scab program has uniformly controlled the 
disease. 

Seasonal developnievt and coiitrol oj app e scab and cherry leaf spot in relation to ennron- 

fneni. G. W. Keiti’ and L. K. Jones, 

(Comparative studies of apple scab an«l cherry leaf spot in Wisconsin have shown 
marked contrasts m (hc‘ir relations to environment. Although there was relatively 
little dilTerence in the periods of ascospore discharge and in the time of exposure of 
susceptible host tissue to infection, there were marked contrasts in the seasonal develop- 
ment of tlic two tlLseasi's. In the ease of apple scab, a low' temperature disease, early 
discharges of ascospores commonly led to relatively abundant inf(*ctioii which established 
the fungus in a favoralile position for secondary infection. 1’he most critical jieriod 
for the devTlopment of this disease was in the spring. It was ret.'irdod during the hot 
weather Cherry leaf spot, a high temperatm'e di.sease, made liltli* progn'ss during 
the cool period of early spring, bat developed rapidly in early summer and attained 
its maximal development at summer temperatures. Accordingly, wheroa.s it, was for- 
merly the practiciMii Wisconsin to make one pre-blo.ssum fungicidal treatment for each 
of th(*se diseases, it is apparent now that, under Wisconsin conditions, tw'o prc-blossoin 
treatments are necessary for satisfactory c*ontrol of severe outbreaks of a])ple scab in 
early s}>ring, w^hile for cherry leaf spot the j^re-blossom spray may he omitted. 

Achyrodes aureuin {L.) Kiinize, a host for many rusts. S. M. Dietz and I. W. (h.OKEY. 

According to Arthur, Ackyj'odes aiircum (L.) Kuntze is susceptible to Puccinia coi'onaia 
and P. (jraminu The response of this gramineous host to the specialized onus of these 
rusts, however, was not dcicrmined. In studying the host range of the s]H*cialized 
forms of the crowm-rust organism, P. coreynntaj Achyrode^ aureimi proved to he sus- 
ceptible A. aureurn w'a.s exposed to all available rusts. Bjiores w'ere transferred from 
their natural hosts to A. aureurn, thence again to their natural hosts. A. aureurn, a 
low' erect annual, belongs to the tribe Festuceac. Its vegetative grow'th closely re- 
sembles that of Dactylis glomerata iVlthough indigenous to southern Europe, it has 
been introduced into many ports of the w'orld, including Australia and southern Cali- 
fornia. Achyrodrs aureum showed normal infection from uredo.spores of five specialized 
varieties of Pucctma conmala, namely: P. rormiafa ave/nne, P. c. calamagrostidis, P. c. 
fcstvmc, P c. holcii and P. c. lolii; two specialized varieties of P. graminis: P. graniinis 
avenae and P. phleuin pratense; and three other species: P. dispersa, P. montauens-is, 
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and poarum. A subnormal infection was secured with two specialized varieties, 
P. graminis secalis and P, g. tritid; and with P. iriiidna. Achyrodes aureum is susceptible 
to several species of Puccinia and their specialized varieties. It affords excellent 
material for a study of specific parasitism. 

(Cooperative investigations by the Iowa Agricultural Pixperiment Station and the 
Office of Cereal Investigations, Bureau of Plant Industry, U. S. Department of Agri- 
culture.) 

An abortive sporophore of Sclerotium roljaii, J. J. Taubenhaus. 

The writer has made numerous attempts to prodma* a fruiting stage of Sclerotium 
rolfsii without success. This fall (1923) several watermelon fruits were inoculated with 
a pure culture of Srkrnfium rolfdu In four weeks the inoculated fruit were thoroughly 
decayed and a large amount of iKpiiil was hberated and drawn off. Suddimly it was 
noticed that a small mushroorn-like body made its appearance and this after ten <lays 
grew' and developed into a typi(‘al fleshy mushroom. Examinations were frei^mmtly 
made of this sporophore which was foun<l to be sterile. Bits of tissue of this growlh 
were then plat(‘d out in petri dishes to determine whether it was a secondary infection 
or a sterile sporophore of Sclerotium roZ/.s-n. Growdli and minute rniishroom-like bodies 
appeared in the petri jilatea, these, however, in turn being also sterile and after three 
weeks matured into typical sclerotia of Sclerotium rolfsii. From work, .so far, it seems 
that this is a strain of Sckrohuiu roZ/sri. which is apparently eajiablc of producing sporo- 
phorcs which for some* r<‘asori or other have remained sterile. More research is in pro- 
gress on this point. 

Wheat hunt iftveehgationfi in Knnme. (k O John'.ston. 

8tudi(‘,s on the resistance of several varieties of wheat to hunt have been conducted 
three y(»ars. In two of these years tluplieate sowings were made. In on<‘ the seeti w'as 
smutted with spores of Tilichn laevLs and in the other with T. tritwi. Hard winter 
varieties of the Turkey t^'p<^ as a group, show' eonsiderable resistance to both species 
causing bunt, d'hose soft winter wheats adapted to Kansiis conditions are much more 
susceptible to T. inf in than to 7\ laevtis. This is shown by the table which was prejiared 
from the 1923 data 

Percentage of Percentage of 

bunted heads, bunted heads, 

T. laevis, T. in tin. 


Average of 20 hard varieties (Turkey type) 4 cS,") 3 07 

Average of 20 soft varieties 3 47) 25.13 


Varieties ami hybrids from the Pacific Coast States, which are highly' resistant under 
wx'steni conditions, show' the same resistance to both kinds of bunt in Kansas. Of 
these, Bed Hussar seems promising agronomicaUy. Veekly sowings of a susceptible 
variety indicate that little infection takes place until the mean daily soil temiierature 
has fallen to about 40° F. As the soil t(»mperature falls below' this point smut infection 
increases until a temperature of about 27° is reached. At both high and low' tem- 
peratures the per(;eniage of infection varies wdth the moisture content of the soil. 

(Ocopemtivc investigations by the Kansas Agricultural Experiment Station and 
the Office of Cereal Investigations, Bureau of Plant Industry, U. S. Department of 
Agriculture.) 



38 


Ph YTOPA TI I OLOG Y 


[VOL. 14 


Varietal resiatance of pointer wheats to Tilletia Icvis, G. II. Coons. 

Results of two additional years' tests of resistance of winter wheats to Tilletia levis 
are now available. In the tests small samples of the various wheats were heavily dusted 
with Tilkim letns spores and planted about Oct. 15— the late planting insuring heavy 
infection by smut. The following table gives the per cent of smut in the crops as 
deterniined by head counts. 


Variety 

Shepherds Perfection . 
American Wonder. . . . 

New Fultz 

mini Chief 

Goons 

Estes (210) 

Poole 

FiStes (130100) 

Michigan Wonder . . . . 

low'a P.)4() 

tied Champion 

Early Winter 

Red Banner 

Economy 

New *V'ork 26 

American Banner, . . . 

Genesee 140900' 

Winter King 

Lancaster 136200 

Wonder 

Red Rock 

Lancaster 138700 

Michigan Amber 

Turkey 

Banner American .... 

Kharkof 

Kanred (a) 

Wisconsin Hybrid . . . . 

BtTkel€‘y Banner 

Genesee 141600 

Turkey 138300 

Kanred (b) 

Alberta Red 

Fultz 139100 

Berkeley Favorite. . . . 
Berkeley Rock 140200 
Minhardi (Minn 1505) 
Berkeley Rock 128700 
Berkeley Jtock 133300 
Rod \Alnter 


1922 

1923 

— 

60% 


49 

53 

40 

53 

— 

50 

46 

48 

36 

46 

43 

45 

42 

44 

40 

39 

19 

39 

47 

39 

26 

35 

46 

33 

51 

31 

55 

30 

66 

27 

33 

26 

42 

24 

22 

21 

21 

23 

27 

22 

30 

20 

15 

19 

0 

15 

9 

12 

0 

11 

21 

10 

18 

9 

22 

9 

5 

7.7 

8 

6 

7 

4 

(> 

2 

0 8 

i 

1*6 

1 

— 

0 6 

0.3 

0 4 

0.4 

0 2 

— 
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Berkeley croased with Arneriean Banner, Favorite, and Red Hock secerns, to have 
given marked stinking smut resistance to its progeny. All the wheats, ('xcf‘pt Fultz, 
which have shown the strongest resistance to TillctiaUwis, arc/rurkey wheats or stlections 
from crosses with this type. The wheats resistant to Ttlletin tnlui recently reported 
in the literature are of similar origin. 

Physiological studies ou flag smvi of wheat. Makion A. ( Jrtffitiis. 

Fixperiinents conducted ]>y the Office of Cereal Inve.stigations, Bureau of Plant 
Industry, U, H. Department of Agriculture, show' that si)or(‘s of flag smut, rrof//.s'//,s‘ 
iritiH Kcke. kept in the laboraUiry were viable for at least four years. Sf)or(‘s over- 
wintered in the soil at Craiute City, III., were capable of infecting wheat hor infection 
in the greemhou.s(‘ the optimum temfXTature w'as 20*" to 2;P C. Jrifectio.i takes place 
most readily prior to emergence of the seedlings from th(‘ soil inoculated plants were 
clipped near the soil at thna* stages of gi'owth. Chp])ing often mcrcas(‘d the per- 
centages of infection Also, the int<*rval between sowing and the a})pearance of in- 
fection often W’as shorter in the clipped plants Fulcaster, Poole, Red May, Red 
Rock, Karly Defianct', and Calgalos remained smut-free in the greenhouse during each 
of the threi) years of the vanetal-resistanee expiTiment The pcnxuitages of inh'ction 
shown by susceptible varieties grown m the greenhou.se were considerably higher than 
those of the same strains grown m llie field. Sowing inoculated seed at successive dates 
in the fall n^sulted in a general decnatsi* in the percentagexS of infection up to Novi'inbcr 
14, when no info(‘tion occurred. 

Pnreiftio gramirus oti Poa spp. iti the I'mied States. K. C. Stakmax a,vi> M. X. TiEMNE. 

Heavy inf(*ciionof stem nixst on Poa spp. m the rriited States was first obsiTved in 
the fall of M122 near Pontiac, Mich. Thevious to this date Purciuta gratnirns pons was 
generally thought not to occur in this country. Several spixarnens of wliat appeared 
to be P, grannois on Poa spp, have been sent to the writers, but the amount of rust 
alw’ays was .small and no infection wa^s obtained from artificial inoculations. Abundant 
and heavy infection was produced on tlie common barberry when inocailated with 
telioxspores from Poa comprrssa coUecfixl in Michigan. Ac'cial inoculation resulted m 
heavy infection on at least three species of Poa, but no infection on other grasses or on 
the cereals. In 192)1, Poa rornpresso. near Pontiac, again w’as badlj" rustjai. As a 
result of urediniospore inoculations, successful, normal infection was obtained on three 
additional speeies of Poa. Minute pustules w'ere produced on barley also, but negative 
results were obtained on the other cereals and grasses. Measurements of the aecio- 
spores, urediniospori's, and teliospores of this speeialized variety show* it to be markedly 
different morphologically from any other specialized variety of stem rust. 

(Cooperative investigations by the Minnesota Agricultural Kxiieriment Station and 
the Office of Cereal Investigations, Bureau of Plant Industry, U S. Department of 
Agriculture.) 

Cytological endearc of physiologica ly distinct form. ^ in Piicnnta gram inis trxiin. Ruth F. 

Allen. 

Stakman and Levine have proved the existence of physiologically distinct .spoiaalized 
forms of wheat stem rust. These forms, which are designated by nimiber, are similar 
in morphology but differ in infecting power. Specialized form III grown on Kanred 
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seedliriKs in the gr(‘enhoiiKe produces a fairly vigorous nxycelium which fills intercellular 
spaces in the rnesophyll, forms normal haustoria and “runners/' and produc.es miil-size 
uredinia. Form XJX on Kanred can not form spores or even establish a niyeelium. 
The fungus may die after forming the first haustoriurn, or may make several attempts 
before its strength is spent. Forms IX, XXI, and XXVII, grown on Khapli under 
parallel conditions, are similar m many respects, but differ in their effect on the stomata 
through which they enter the host, in the rate and extent of spread of the mycelium, 
in the modification of the haustoriurn mother cells of the fungus, and in spore formation. 
Changes induced by these fungi in the zone of tissue surrounding an infection vary as 
to the size of the region affected, the time of its appearance, the degree to which it is 
affected, the plasmolysis of its cells, and the .staining reaction of its plastids. 

(Cooperative investigations by the California Agricultural Experiment Htation and 
the Office of Ck»real Investigations, Bureau of Plant Industry, II. S. Department of 
Agriculture.) 

t^inndtaneoiis mirveys for ttiem mat: A method of heating sources of inoculum. E. M . 

Freeman and L. W. AIelandeh. 

The use of simultaneous surveys of large or Mr all areas to locate incipient local 
epidemics of stem rust and such common barbeny bushes as may have escaped detection 
during the first surveys and resurv'^eys is recommended. A study was made of the 
possibilities of simultaneous surveys in Minnesota in July, U)23. These surveys showed 
consistent differences in the rust severity in different loc'aJities of the district (‘xamined, 
although the rust epideiiiie was too far advanced to periiul any conelation with the 
barbeiTy as a cause of the differences. The use of w inter rye and grass hosts as indu’ators 
in such surv(‘ys also is suggested. 

(Cooperative investigations by the Minnesota Agricultural Exi>eriment Station and 
the Office of Cereal Investigations, Bureau of Plant Industry, F. S Department of 
Agriculture.) 

Progress in harherrg eradication. F. E. Kempton. 

The barberry eradication campaign, conducted cooperatively for the past six years 
by the I'nited States Department of Agriculture and thirteen nortli-central States, 
has progressed until apiiroxiinately 650 counties have been surveyed. This includes 
a property-to-property survey of all cities and an inspection of all farms in these count ies. 

A siunmary of activities to October 31, 1923, shows a grand total of 9,72fh3IS common 
barberry bushes and seedlings found and 8,071,932 destroyed. During this season, 
208,956 bushes and l,70t),027 seedlings were found in original sui'Vi'y and 2I5,3(>0 bushes 
and 1,701,122 seedlings destroyed, while in resurv’^ey of 299 counties, 102,066 sprouting 
bushes and 909,607 seedlings w^ere destroyed. 

Crushed rock salt proved the safest and most readily obtainable (*hemical for killing 
barberneis. Over 400 tons were used. Sodium arsenite solution, while effective, 
proved dangerous to animals. Its use was discontinued. Kerosene and w'ater-gas 
drip oil also are effective. Chemicals can not be applied safely near valuable* trees or 
shrubbery. 

A second survey of sev(‘ral previously covered counties showed plantings in each 
county not found on the first survey. In many counties these were sufficiently nu- 
merous to be responsible for initiating the rust epidemic of 1923, This shows the 
necessity of a second survey of some areas. 
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Studies in distribution and seventy of rust, and resultant loss<‘s were continued. 
Local rust epidemics have enaliled field men to find overlooked barheiTies. 

Epidenuology studies with Pucrinvi coronaia Porda S. M. Dnrrz. 

Siuco 1910 aecidial infection of Pum.ma coronaia has apix'ared annually in Iowa on 
Hhamnus ratharticn L. and P, lanccnlata Pursli Ix’forc urerlosori dev'cloped on Avena 
sativa, Tlu‘ date of initial appearance of aecidial infection during tliesc 8 years varied 
from April 80 to May 80. During 1928 many kx'al crown-rust infections appeared on 
oats throughoul tin* Slate previous to the Keneral inf(‘ction. J-8lhcr P. cathariica or 
R. Uinccohitn was found n(‘ar the center of each inf(‘ct(‘d area Infection varied from a 
trace on th<‘ cdj^e of these areas t-o 80 per cent near the center 1'hese infection areas 
developed simultaneously in nortlicrn and southern Iowa* All, at first small, remained 
constant 7 to 10 du3s, then eximnded rapidly. 

Ei^ht hundred and twentv’ jdantings of P. cathariica were fourifl in representative 
areas in eij^ht mid western States. Of this number 188 were rural and 082 wvre urban. 
They contained 89,490 bushes, besides 84,018 feet of hedKe of uncounted bushes. Over 
80 per cent of all P. cathariica inspected bore crown rust aecidia. Nearly 100 per cent 
of rural plantings showed infection. In one area at A\’mthrop, Buchanan County, 
Iowa, oatftelds adjoining a hedge of P. cathariica w(’re destroyial by rust. Fields in 
adjoining sections yieMod 10 bushels per acre while fadds m mure remote sections prac- 
tically free from rust av(‘raged 50 bushels per acre. 

((kioperative investigations by the Iowa Agricultural Experiment Station and the 
Oltii'C of ("creal Investigations, Bureau of Plant Industry, V. S. Department of Agri- 
ciiltun*.; 


The rate of ,s'prcad of wheat foot-rot tn tillage plots iti Kansas. L. E. Mkl( HiiiRS and 
M (^Skwku. 

In 1921 wheat foot-rot w'as observed in tillage plots The diseased areas w'ere care- 
fully plotted and their rate of spread has been recorded each season. 


( amt uiuoiis w'lu’at cultun* 191 l"Jlt28 

Not olowed; disked at sciximg ... 

Plowed Sept ; 8 indies (5 replications) 

Doubh‘ disked July; jilowed S(‘pt , 7 inches. 

Doubh' disked Julj'; idowanl Aug., 8 inches 

Listed July; ridges worked down 

Listed July 15; ridge.s split Aug. 15 

Plowed July; 0 inches 

Plowed Aug.; 0 inches 

Plow'ed Aug. ; 7 inches worked Sept 

Plowed Sept. ; 7 indies 

Plowed July; 3 inches 

Ophioholm cariceti (B. & Br.) Sace. has 
Early, deep (6-7 inches) plowing or listing scorns favorable for the development and 


r'lrst 

Average 



appearance 

yield prior 

Yield 

Disease 

fool -rot 

1921 

1928 

1923 


bu. 

l)U. 



6 4 

2 5 

None 


12 8 

7 8 

None 

1922 

17.2 

2t3.8 \ 

>ry slight 

. . 1922 

17 9 

17 2 

Slight 

. . . 1922 

17 9 

IS. 6 

do 

. . . 1922 

17.1 

9.2 

Very bad 

. . 1921 

19 2 

12 7 

do 

. . . 1921 

18.4 

6.0 

do 

. . . 1921 

17.6 

18.9 

Bad 

, . . 1923 

13.1 

10.4 Very slight 


17.5 

18.6 

None 

been found on plants from various plots. 
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sprefrl of foot-rof. Late, shallow (ll iindios) plowing or dHkuif? inhibits it. Where 
wheat has been in rotation in adjoining land there has been no evideruT of foot- 

rot. 

((Cooperative investigations by the Kansas Agricultural J'bvpcriincnt Station and the 
Office of Cereal Investigations, Bureau of Plant Industry, II. S. Department of Agri- 
culture.) 

A fw seed treatments far controlling stnpe disease of barley. A. G. Johnson, B. W Leukel, 
ANo J. G. Dickson. 

During the past season certain neav see<I treatments for control of stripe disease of 
barley {Hehmnthosporium graintneum llabh.) were given preliminary trials at Arlington 
K\:periment i''arm, Va., and Aladison, Wis. Treated and untreafctl sceil was sown in 
adjacent rod rows in triplicate. Treatments listctl m following (able controlled liarlcy 
stripe perf(‘etly and seed germination was not impaire<l. 


Chemical 

Concentration 
in water 

Time 


Per rent 

J fours 

Semesan . 

0 3 

1, 2 

do 

0 

H, 1, 2 

(,'^hlorophol . . 

2 

B2 

do 

3 

H, 1. 2 

do 

0 

}2, E 2 

Gcrmi'^iUi 

2 

2 

do . . 

3 

E2 

do 

0 

32, E 2 

Corona No. 010 ... 

2 

1 E 2 

do 

3 

3 2! h 2 

Corona No. 020 

2 

E 2 

do 

3 

3i, ko E2 


Similar treatments with kahmat and formaldehyde .solutions reduced the disease to 
a trace, wlnle pythal solution and seivl-o-saii an<l copper caibonato dusts failctl (o 
control, rnfortunately iispulun was not available for these experiments. Bonns from 
untretite I seed averaged bi-t-Reen 5 and 0 per cent stripe. 

(Cooperative investigations liy the Wi.siamsin Agricultural Experiment Station and 
the Office of (k»real Jiivestigation.s, Ihireau of Plant Industry, L. S. Department of 
Agriculture ) 

Comparahne efficiency of Jonnaldehyde, copper-cnrhoiude dusl and s}dfur dnM in controlling 
smuts in hulled oats K. S. Kiiinv. 

The following data were (»btained from 19 experiments planted in 12 counties in New 
\ork State in 1923. Each experiment, consisting of 1 diei'k and 2 to 5 treated plots, 
each of which averaged one-eighth acre in sijse, was planted with naturally inoculated 
oats from ditforent sources. Seed treatments wore usually made by county agents 
using identical materials. While the percentage of smut in the various check sections 
of the plots varied from .5 to 44.1 per cent, the percentage of smut eliminated by the 
various treatments w'a.s relatively the same. 
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Average 

Average 

Percentage 

Odds 

Odds 


percentage 

percentag(‘ 

of smut 

(‘ornpared 

compared 

Treatment 

of smut 

of smut 

eliminated 

w'ith 

W'Jtll 


in checks 

in treated 

i>y 

formalde- 

4 oz. CXiCoj 

Formaldehyde (dry) 

8 50 

plots 

442 

tn'atiupiit 

Of) .)r.±l.S2 

liyde 

14:1 

Copper-carbonate dust 

(4 oz.) per bu. 

10.',)0 

1 50 

SS 10±1.32 

H :1 


(2oz.) “ 

J 1.3:5 

2.54 

7.'. (i0j::2 S't 

10,000+1 

1164- :1 

Dusting Sulfur 

(1 lb.) i)er hu. 

1,5 80 

5 IS 

59 lOio !1 

10,000 i-:l 

2674- :1 

(4 o'z.) “ 

9 51 

5 10 

49 .58>.S SI 

1,350 + :1 

2604-:] 

Since significance, can 

not he f)lac( 

‘d on odds 

le.ss than 30.1 

the tabulations sliow' for 


the comiitioiis of this experunont (1 ) fonntiLloliyde is not with certiunly a bettor ireat- 
nicrit than A oz. ( UiC'os, (2) fonnaliiehvde ishottoi than any oilier tn*atnient exeejitmg 
4 oz. CuCoa, (d) 4 oz. (’n(X)3 is belter than 2 oz. C11C03 or the sulfur treatments. 

ITu/er fnul lunf'-irdfcr halh.s fo(htrin(/ the fonmijdthyde acid freafment, W. IJ. "rjsDALJS 

AND K, \^^ IjKT KEL. 

In Sweden, lliainuig {19J9 and l'»22) found that the injury caused to seed grain by 
the formaldehyile treatment ya.s ehimnatial liy rinsing the treated seed in water. In 
192J, Zundel and Carroll reconiinended rinsing grain in lime-water following formalde- 
hyde. The Olliee of ('ereal Investigations, Hureau ol JXant Industry, T. S. Depart- 
ment of Agriculture, is conducting experiments to iletcrniine the relative value of tbefec 
methods. Spring-sown Kherson oats, soaked 1(» minutes, oO minutes, and one hour in 
formaldehyde 0 d2t);, germinated in the soil slightly better when rinsed (soaked 10 
minutes) m lime-water than when rm.se<l in water for the same period. In both cases 
rinsed seed germinated much better than did unrinsed treated seed and about as well 
as did untreated si’od. The smuts were controlleil satisfactorily with all the treat- 
ments. ludl-sown Winter "JXirf oats and Purj^lestraw’ wheat, when SKiaked dO minutes 
in formaldehyde (1-320), gave approximately the same jierccntages of germination 
when rinsed m w;itcr as when rinsed m lime-water. Th(‘ percentages of germination 
were alioiit the same as those of untreated seed and much better than tho.se of unnnsed 
treated seed. J^lithcr wafer or lime-water prevented a greater part of the injury. 

Further stiuius ou nctr tiecd duLufectant^. \\\ H. TisI>\lk, J. W". Taylok, and R. W^. 

Leu'kke. 

Since reporting on this subject in 1922, the Otliee of ( 'creal Investigations, Bureau of 
l*lant Industry, V. S. Department of Agriculture, has conducted further experiments 
wdth new' seed disinfectants, including American and foreign products, to determine 
their relath e elTects on gcTinination, vigor, and smut control of the small grams, as 
compared with the standard treatments. Of the dusts, cojiper carbonate, C-orona No. 
40-8, and Seed-O-San controlled bunt or stinking smut of wheat satisfa(‘tonly without 
injuring the sec<l. From the standpoint of yields, copper carbonate and No. 40-S 
were slightly better than copper sulphate-lime. None of the dusts has given entirely 
satisfactory results in the control of barley and oat smuts. Of the liquids, the organic 
mercury compounds, (^hloixiphol, Sernesan, Corona No. 620, I spulun, and (icrniisau, 
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have given good results in the control of barley and oat smuts. Germination and 
yields also were improved. Barley grown from seed treated with either Semesan or 
Chlorophol yielded better than did plants grown either from untreated seed of the 
same lots or from seed treated by any other method. For the control of barlet smuts 
results with these compounds have been more satisfactory than those obtained with 
either formaldehyde or hot water. 

Fungicidal treatments for the control of sorghum kernel smut, C. 0. Johnston and L. E, 
Melcheks. 


Seed of Blackhull kafir, Pink kafir, Red Amber sorgo and Kansas Orange sorgo, heavily 
smutted with Sphacelotheca sorghij and treated with various fungicides, gave the follow- 
ing results: 




Konnaldehyde 


C^orona 
No G20 

('’hlor- 

ophol 

Ou- 

st)* 

2 ounces per bushel 
of dry 










1 Ib. 






P(T- 

1 pt 

1 pi. 

1 pt. 

Hry ; 



to 






cent- 

to 

to 

to 

3 cc. 

(l-,500) 

(1 300) 

4 gal. 

Corona 

Soed- 

C'uOog 


Year 

ape 

l.f) gal 

30 gal 

30 gal 

perqt 

soak 

soak 

soak 

40 S. 

O-San 




of 

— 





stH^^d , 

J hr. 

1 hr 

1.5 







10 

30 

00 

covered 



min 







min. 

min. 

min 

o lirs 








1921 

Gernii- 













nation 

81 7 

70 2 

81.7 








85 8 


Smut. 

0 0 

0.0 

0 0 


1 






29. 2G 

1922 

Gernii- 













nation 

87 .‘i 

04 0 

93 1 

80 8 

9G 8 1 

95.3 

90 2 

97 0 

97 2 


94 6 


Smut. 

1 «1 

3 7.') 

3 02 

0 0 

2 37 

.5.73 

0 0 

0.0 

4 01 


1 34 28 

192.') 

Certni- 













nat-ion 

78 0 

80 4 

81 6 

77 S i 

85.0 

92 5 

80 G 

91 9 

G9 7 

89. G 

1 89.7 


Smut 

0 2;) 

1 12 

0 IG 

G 01 

1 Sti 

0 49 

0 24 

0 53 

G 93 

0 28 

13 38 


Avisrage 








1 



1 


germi- 







I 






nation 

82. G 

84 8 

8.5 .*> 

79 3 

90 9 

93 8 

8.5 4 

94 4 

93 1 

89 G 

90 0 


A verage 













smut 

0 Gl 

1 02 

1 on 

3 02 

2 ll 

3 11 

0 12 

0 2G 

.5 17 

0 28 

2.5 G3 


Slight seed injiuy occurs but satisfactory control of smut Is obtained by soaking seed 
in copper sulphate or Chlorophol solutions, or by dusting with copper carbonate or 
Corona 40-S. Treatments conducted in various part/S of Kansas indicate that copper 
carbonate dust is very promising. 

((k)opcrative investigations by the Kansas Agricultural JCxperiment Station and the 
Oflice of C'ereal Inve.stigations, Bureau of Plant Industry, S. Department of Agri- 
culture ) , 

Experiments to show the effects of certain seed treatments on corn, Chas. S. Reddy and 
J. R. IlOLBERT. 

In general iherc was a decrease in resulting field stands and yields from seed treated 
with formaldehyde (1 : 240 for 30 and 60 minutes), calcium hypochlorite (1 : 28 for 3 
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and 6 hours), mercury bichloride (1 : 1000 for 30 and 60 nunutes), or copper sulphate 
(4 pounds to 10 gallons for 2 hours) with an<l without lime dip. No detriniontal effect 
and frequently an increase in stand resulted from the use of chlorophol (1 : 400 for 3 
hours) on composites of corn seed designated as nearly disease-free, Fusarium-infected, 
Cephalosporium-infected, Diplodiii-infected, and scutelIurn-rott(*d. The most marked 
effe«;t was from the use of chlorophol on Diplodia-infccted secid; field stands and yields 
were always increased, often as much as 30 per cent. However, the same treatment 
apparently decreased the yields of Cephalosporiiim, FiLsariuiri, and scutelluin-rotted 
composites, sometimes as much as 13 per cent. 

Chlorophol (1 :400), semesan (1 : 400), and corona 620 (1 : 1000), when used as 
treatments for 3, 4, or 5 hours, proved beneficial to stands and yields of nearly disease- 
free composites as well as Dij)lodia-infeeted composites. 

((Cooperative investigations by Funk Hrothers Seed C.om])any and the Office of Oreal 
Investigations, Bureau of Plant Industry, Fnited States Department of Agriculture.) 

SgcoihI jyrogress report on atudics of coro seed germiyuition and the prevalence of Fmarium 

moniliforme, ami IHplodia zeae. L. F». MbIjCHers and C. O. Johnston. 

Thrt^e years’ germination stmlies with open pollinated Pride of Saline corn, corro- 
borates th<‘ report made by tiie writers m PJ22, that practictally every ear of Commercial 
White and Pride of Saline corn has Fvsarivm mornhfiynne or Diylodm zeae^ or both 
present. The latter organism varies in prevalence during different seasons, but the 
former is always abundantly present. The freedom of seed on the germinator from 
F. moinliforrrie does not seem as important in securing a satisfactory stand and yield 
of corn in Kansas as scM^dling vigor. 

Tlic following table shows results of germinal ion of best ears which were selected for 
seed. These w'cre taken from bin in 1920 and 11)21 and from field in 1922. These 
data have been confirmed })y eiilfures from hundreds of kernels representing large 
numbers of ears. 

Number of ears Number of kernels 



With F. 






Av. 


mornli- 

With 

\^'lt!l all 

With 

With F, 

With 

ger- 

Year Tested 

forme 

/>. 

kernels 

le.s.s than 

I'csUmI momli- 

I). 

mina- 


without 

ZC(U'* 

diseased’^* 

‘ half 

forme 

zeae 

tion 


J). zi’ae 



kernels 








ihseased 











p. ct. 

1920-21 703 

410 


699 

1 

7030 t)9S0 


98 2 

1921 -22 1600 

1357 

143 

1499 

0 

15000 149S9 

548 

98 1 

1922-23 1200 

1176 

24 

1042 

34 

12000 10501 

51 

99.5 

Av. per cent. 

93 8 

G 

1 94 I 

1 2 

94. 

1 2.2 

98.7 


(Cooperative investigations by the Kansas Agricultural Kxperiment Station and 
the Office of Cereal Investigations, Bureau of Plant Industry, U. S. Department of 
Agriculture.) 

* Also may have had F. monUiforme. 

** F. monUiforme or 7). zeae or both 
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Cmnmon mohh of corn seed in relation to yuld, C. D. SHEUBAKorp. 

The field experiments carried on by the writer at the Experiment Station, University 
of Tennessee, during; the past two years, 1922 and 1923, show that corn seed when 
effectively treated against F. inonilifomie does not give any better yield than the 
untreated seed of the same com. To the contrary, the checks each year gave slightly 
better yield than the treated seed. The experiments were thoroughly checked up each 
year and the results of the first year arc entirely in the agreement with results of the 
second year. The (*onclusion is (hat, under the conditions of the experiments, corn seed 
contamination with the mold has no effect on the yield. This situation may be due 
to cither the non-pathogonic nature of F. ynonihfomie, in respect to corn roots, or that 
soil contamination with the fungus is so thorough and effective that seed freedom from 
it is of no consequence. 

Relation of intermtl colnJiscohraiion to yield in corn. K. A. Jehle, F. W. Oldbnbukg, 

AND (.). E. Temple. 

The butts and tips were chopped off from sele<d.e<l seed ears, d'hen, these cars were 
divided into at least two lots; those with distinct internal cob-discoloration, and those 
apparently free from iritenial cob-di.scoloration. Idots grown from each lot showed an 
apparent correlation between internal colMhseoloration and yield in corn which was 
more pronounced on light sandy and poor clayey soils than on the best corn land. 
This is indicated b\’ the following table: 


Year 

No. of 

No. of 

Average .yield 

Average yield 

Average 

Average 



IVsts 

coun- 

from corn on 

from corn on 

increase 

increase 




ties 

di.s(*olored 

cobs with no 

bushels 

per cent 





cobs 

color 



1921 

Total 

6 

4 

.39.57 

51 46 

11.89 

23.1 

1922 

Total 

39 

10 

57 86 

67 19 

9 33 

10 12 

1923* 

Total 

15 

8 

65 25 

58 33 

(> 92 

11 86 

1921 

Very good 








corn land 

1 

1 

60.4 

63 3 

2 9 

4 <S 

1921 

Medium to 








poor land 

5 

4 

35.41 

49 13 

13 72 

38.77 

1922 

Very good 








corn land 

9 

3 

84 16 

88.81 

4 05 

5 5 

1922 

Medium to 








poor land 

30 

1.5 

51 39 

60.86 

0.47 

18.43 

1923* 

Very good 








corn land 


2 

78 25 

80.25 

2 00 

2.55 

1923* 

Medium to 








poor land 

12 

8 

53.35 

61.25 

7.9 

14 8 


* Record incomplete. 


Stiulies on seed infection, ear types, and yield, and the isolation of strains of com showing 
specific dUcase reactions in the germinator. W. D, Valleait. 

If germination tests of properly cured ears of corn are conducted in a sand box in a. 
wann room, it will be found that the plants eventually die due to a rot starting at or 
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near the seed. The average time of death of the plants from a given car may differ 
widely from that of other cars. In general the roughest cars produc(^ the earluist dying 
plants. Selection of the extreme ears, i.e., those producing early dying and those 
producing late dying plants in the sand box, has given practically no differences in 
yield under field conditions, the “severely diseased’* ears being as high producers as 
those which would commonly be called “disease-free.” Selection for the extremes of 
smooth ears and rough ears from 500 and 700 ears of Boone (bounty White in 1922 and 
1923, respectively, resulted in increases of 39.43 and 13.9 per cent in yield for the smooth 
types over the rough. Studies on seed infection, both microscopically an^l by eultuiing, 
have shown that the seeds of the apparently most disease-free earN are quite heavily 
infected with fungi. By continued self-pollination, strains of corn have been isolated 
wliich have distinct disease reactions in the sand germmator, some being chanu-tcrized 
by short life and othcirs by long life. 

Stiidu*s on the IHplodia disease of corn. J. It. Holijekt, Bek.iamin Kofiiilek, and 

G. II. Dunc;an. 

During the past five years experiments have been conducted in various parts of 
Illinois with yellow dent corn grown from seed infected with iMpUnha zrae (Schw.) 
Lev. in comparison \\ith corn from nearly dLsease-frec seed. Reduced field stands and 
lowered vigor of surviving plants have resulted from the infected seed, l^lantings made 
early in cool soils were reduced to 20 to 30 percent stands from infected setnl, compared 
with 8S to 92 per cent stands from nearly disease-free seed. Plantings witli Diplodia- 
infccted s(‘cd made later in warm soil high in moDsttue also resultcsl both in field stands 
and vigor of surviving plants being greatly reduced, wbilt* in similar plantings in warm, 
comparatively dry soil fitdd stands from infected seed were reduced only to 80 to 85 
per cent m comparison w'lth 94 to 98 per cent stands from nearly disease-frt'c seed. 

Mature plants from Diploclia-infi^cted seed showed less resistance to a vt'rtical pull 
than those from <lisease-free seed. 

Both opon-fertihzed and inbred strains of corn have been found to differ greatly in 
their resistance to the Diplodia dist^ase. 

In 1923 seed treatment for 3 hours in a 1 to 400 water solution of chloropliul increased 
the yield of corn from Diplodia-infecietl seed 30 per cent. 

As an aviTage of more tlian 40 expcTiments in central Illinois, neither lime nor phos- 
phates gave a significant increase in yield with com from l)i]>lodia-infocted seed, 

(Cooperative investigations by the Illinois Agricultural Experiment Station, Funk 
Brothi^rs Seed (Company, and the Ofliec of (-ereal Investigations, Biu'cau of Plant 
Industry, U. S. Di^partment of Agriculture.) 

Corn resistant to rnst, Puccinia svrghi. E. B. Mains, F. J. Trost, and G. M. Smith. 

Approximately 2,800 one-, two-, three-, and four-year seifs of 15 varieties of sweet 
corn and 5 v^arietios of dent corn, which are being studio<i in corn root-rot. investigations, 
also were studied in the greenhouse for their susceptibility to rust during the winter of 
P.)22-23. Many different types of susceptibihty were fimnd, ranging from almost 
complete immunity and a number of different degn'es and types of resistam^e, to more 
or less high degrees of susceptibility. Resistant individuals were found in the following 
varieties of sweet corn: BtowelFs Plvergreen, Early Evergreen, Narrov\ -Grained Ever- 
green, Country Gentleman, Goldenrod, Golden Bantam, Howling Alob, Early White- 
Cob Cory, Kendel’s Early Grant, Black Mexican, and several hj-brids. In the dent 
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corns, resistant individuals were found in the varieties, Silver King, Golden Glow, Early 
Y'ellow Dent, Johnson County White, and Darke County Mammoth. Most of the 
self showing resistant individuals evidently were heterozygous for this character. A 
few, however, were found which evidently were homozygous for resistance. 

(Cooperative investigations by the Purdue University Agricultural Experiment Sta- 
tion and the Office of Cereal Investigations, Bureau of Plant Industry, U. S. Department 
of Agriculture.) 

Wheat resistant to mildew^ Erysiphe gramtnis. E* B. Mains. 

About 650 strains of wheat were tested in the greenhouse as to their susceptibility 
in the seedling stage to powdery mildew. These strains included a large number of the 
varieties most commonly grown in the United States, including varieties of durums, 
eramers, spelts, einkom, club wheats as well as w inter and spring varieties of the common 
bread wheats. Of the latter, Norka, C’hul, Huron, lied Fern, Sonora and one strain 
of Michigan Amber w^crc es])ecially resistant, being practically immune to the mildew^ 
Among the other wheat species Khapli, Vernal emrner, and einkom were the outstand- 
ing varieties. 

A bacterial disease of broorncorn and sorghum, CHARtAirns Elliott and Erwi.v F. 

Smith. 

Back.rium ovdropogoni E. F. S. produces, on many varudies of sorghum and broom- 
corn, red lesions a, few’ millimeters in diameter and extending as long streaks through 
leaf blades or sheaths. Abundant exudate dries down forming red (Tusts or sc'ales. 
While lesions are similar in form on different varieties, color varies from deep rcd<lLsh 
brow’ll or purph^ to orange red. Lesions on a few’ varieties show' no reddening. This 
color is not marginal as in many sorghum spots but continuous throughout lo.sions. 

Isolations from broomcorn, sorgo, gram, and gni.s.s .sorghums have all given the same 
type of organism, the pathogenicity of whadi has been proved by repeated inoculations 
and reisolations. No nat ural infections have been found on Sudan grass but inoculations 
have produced typical, tlark red .streaks very difTorent from the common l{*af spot of 
Sudan grass. The same tyiie of lesion also has been produced artificially on a Feterita- 
Milo hybrid. 

Sorgos appear to be most susceptible, gra.ss sorghums most resistant and grain 
sorghuirus intermediate. There also are considerable differences in varietal resistance 
in each group. Attempts to extend the host range to (‘orn and millets liave not been 
successful. 

(C'Ooperative investigations by the Lal>oratory of Plant Pathology and the Office of 
Cereal Investigations, Bureau of Plant Industry’, U. S. Department of Agriculture.) 

Further invesHgaiions on the pasmo disease of flax, W. K. Biientzel. 

The disease of flax caused by PhlycUiena linic-ola Speg., called ‘‘pasmo’* in South 
jVmerica, has recurred in North Dakota wdth considerable severity during the past 
season. It occurred also m South Dakota, Minnesota, Wisconsin, an<l Michigan. 
Authentic specimens from South America w’cre examined and the fungus found identical 
with that in this country. In Michigan fiber flax w’as ruined w’here severely attacked 
and seed flax at Fargo, N. Dak., w’as damaged somewhat by blighting of the stems, 
leaves, and capsules. Large browm lesions develofied on the individual plants. At 
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Ffu^o, N. Dak., these changed to an ashy gray color in the late stages of infection. The 
lesions often had the appearance of being pubescent clue to the presence of numerous 
white spore-tendril or si>ore-hom forms in which the pycnospores issued from the pyc- 
nidia. These spore-horns were bent or coiled and measured about 10 to 25 by 05 to 450 
microns. Microscopic examination of sections through lesions have showm the pyenidia 
extending to the region of the bast fiber cells. In plats of fiber flax which were grown 
at Kast Landsing, Mich., by Mr. L. R. Davis, plants developed the disease most severely 
when the seed came from infected sources. Home varieties of both seed flax and fiber 
fla.x were more resistant than others. 

.(Cooperative inve.stigations by the North Dakota Agricultural Experinient Station 
and the Office of Cereal Investigations, Bureau of Plant IndiLstry, IJ. S. Department of 
Agriculture.) 

Obs€rt>aho7i8 on malformvd i/mela of teomite plants infacted with downy mildew, J. 11. 

Craigik and Wm. H. \Ve.«;tc)N, .lit. 

Of the many plants of teosinte (Euchktena tnexienna) heavily infected with Sclerospora 
philipjdnensis after inoculation as seedlings in the Philiiipines, several successfully 
matured; and some of these developed strikingly malformed tassels. These inflores- 
eences were preserved, and their structure as now studied in comparison to that of heal- 
thy plants, shows certain points of pathologic interest. The spikelets are invariably 
sterile, since the stamens are usuall}' lacking entirely, or if rarely present, have withered 
anthers eontaining few non-funetional pollen grams of abnormal size, shape, and 
content. Moreover, the glumes and lemmas show' aslomsliing overgrowth, often to six 
times normal size, and are contorted, wrinkled, and tightly enwTappod. Rarely, the 
normally paired florets within the spikelets show' jiroliferation to as many as seven. 
Also, from the base to the tip of the rhachis there is a progressive reduction in the com- 
ponent parts of the spikelets. 'i'he abnormalities shown by these teosmt e tassels present 
an intere.sting comparison to those that have been described in the case of inflorescences 
of maize, wlieat, rice, millet, ami other grasses as a result of infection by other Sclero- 
spor.as. 

Fnsartum cvlmonim in Oregon^ its varieties and strains that cause disease of cereals and 

grasses, Jessie P. Rose, 

Isolation of Fusarium ciibnot'um and its strains from cereals grown in different sections 
of Oregon, inoculation exjieriments, study of cultures upon different media at the Oregon 
State Experiment Station (1918-21), and in Wisconsin (1921-2.*!), together wath studies 
and determinations made by C, D. Sherbakoff show; that there are present in Oregon, 
Fusarium culmoruniy F. ciilmorum var. leteiu-Sy and at least two other distinct varieties 
and one strain, (descriptions not published); that although these Fusaria have the color 
characters of F. cidmorum and F, culmorum var. Icteius, there arc certain morphological 
and physiological characters and host relationships that differentiate them; that all of 
these Fusaria wnll cause disease of Triticum, but m varying degrees; that Fusarium cul- 
morum and closely allied fonns cause disease of Triticum and Avena, but certain 
strains seem to attack Avena more severely; that the variety, F, culmorum var. leteius 
will cause disease of Triticum, Avena, Zea mays, Secale, ilordeum, and grasses belonging 
to the genera Agropyron, Arrhenatherum, Avena, F-llymua, Hordeurn and Lolium, but 
Triticum and Avena seem to be the preferred host genera, 7'hese studies show^ that 
Fusarium culmorum may not only contain distinct varieties, but suggest that it may also 
contain distinct biological strains. 
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Fmarium culmorum var. Uteius^ a cmiae of disease in cereals and grasses. Jessie P. Rose. 

In cereal investigations at the Oregon State Experiment Station, during 1918-21, 
Fusarin^m culmorum var. leteins Shcrbakoff, was isolated from diseased plants of wheat, 
corn, oats, barley, Itahan rye grass, from wheat seed rarely, and from the soil of in- 
fested fields, whi(*h represented the principal sections of Oregon. In extensive inocula- 
tion experiments conducted in the laboratory, greenhouse, and field, this Fusariiun was 
found to cause blighting of wheat seedlings, diseasetl conditions of mature plants, a 
re<luction in stand, and decreased yield. 

Controlletl temperature and moist lire studies in the greenhouse, and field-tempera- 
ture studies in Wisconsin during 1921-23 show that in addition to caasing diseased 
conditions i»f spring and winter wheats, this Fusarium will cause seedling bliglit. and 
dis(*ase<I conditions of nmiure plants of barley, oats, rye and grasses belonging to the 
genera, Agropynin, Arrheuatherurn, Aveua, Elymus, Ilordeum and Lolium. The per- 
centage of blighting and severity of the disease dejiending upon the condition of 
the seed and environmental factors, particularly tempi'raturc and moisture. In <’on- 
trollcd ino(‘iilation experiments, it was foimd that this Fusarium will cause severe scab 
of wheat. 

Experiments n'lth dusting and spraying for the control of iohacro wildfire in seeddyeds. 

James Johnson. 

The extent of the damage caiLsed by wdldhre in the field is largely dependent upon the 
weather conditions prevailing. According to ol) ervation and experiments a small 
percentage of infection on the seedlings may eventually cause a comparatively heavy 
field infection. The aiiplieatioii of copper-Iimc dusts and Bordeaux mixiun' sprays is 
not believed to reduce plant-bed infection sufficiently in most cases to overcome tlie 
damage which may result from the transplanting of slightly diseased plants. Our 
experience has not gone far enough, however, to imply that dusting or spraying may not 
bo Viencficial under certain comlitions. 

The elTcctiveness of (‘oppor fungicides against the wildfire bacteria does not seem 
to be due to the copper they contain. Certain calcium compounds seem 1o be equally 
effective in preventing wildfire* infection. It seems likely that dusts and sprays are in 
part beneficial because of the mechanical barrier they offer to infection, 

Dinnfeclion of tobacco sicd against mid fire. Jambs Johnson and 1 1. F. Miiaw in. 

Formalin and corrosive sublimate treatments have been recommended for disin- 
fecting tobacco seed against the wildfire organism (Jiacterium iabacum). Both of these 
treatments have proven to bo injurious to germination under certain eontlitions. Cor- 
ro.sive sublimate treatment re.sults in pracjtically complete prevention of germination of 
tobacco seed w'^here sprouting before sowing is practiced, although no appreciable injury 
occurs where seed is sowm directly in the soil or is tested for germination on filter paper. 
Corrosive sublimate cannot be recommended, therefore, in districts where grotvers 
sprout their seed before sowing. 

Modifications of the above methods, as well as several other methods, have been tried 
without giving the desii’ed results. Silver nitrate treatment (1-1000) for fifteen 
minut es, how ever, gave better disinfection than formalin treatment and equally as good 
disinf(‘ct ion as corro.sive sublimate. No injury to the seed follows silver nitrate disin- . 
feciion by any method of sprouting practiced by growers. Doubling the strength or 
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time of treatment or omitting rinsing m water after treatment produced no injury. 
Silver nitrate seems therefore to be an ideal disinfeeting agent for iobacx'o seed. 

Anguhr lea/^pot and wildfire infection of tobacco plant hed^ by .^pitting. W. D. Vat.le^u 

AND (^HAIILJOS HTIlUtAllD. 

Angular leaf-spot and wildfire infeetioii usually did not f>ecur in tobacco plant beds 
in Kentucky until after weeding. Angular leaf-spot was very prevalr^nt the past spring, 
being found in over 00 per cent uf the plant beds examined. (Jhew ing the natural leaf 
from the jirevious year's crop is a habit common to about 00 per cent of tobacco growers 
in Kentucky. \'anous investigators have shown that the organisms causing these two 
diseases are capable of living ov<‘r winter in the cured leaves, hixperiments conducted 
during Sefitember 1023 in tobacco plant beds located outside have demonstrated that 
Wildfire and angular leaf-spot may be intro<luecd into the plant bed by chewing leaves 
infected with one or the other of these diseases and spitting tlie material on the young 
plants in th(» bed. The leaves iLsod were air-eui*e<l and from th(‘ current season’s crop. 
Seed trcatiiK'iit, supph'mented by the usual sanitary precautions, has not resulted in 
control under farm conditions. It is biiieved that chewing tobacco is the chief source 
of plant bed mtection in Kentucky, and thiit attention to this source, supplemented by 
seed-treatment and propiT selection of seed-bed site to preveuit the introduction of 
tobacco trash will result m complete control m the plant bed. It is possible that the 
distribution of commercial tobacco may explain the rapid wwld distnliution of w'lldfire 
since its dis<*overv in 1917. 

Frogreas report upon the rcHiatance of commercial atraina of ti^hacco to rooUroi. C. H. 

Orton and Otto (>i>jon 

Thirteen distinct strains of Pennsylvania Broadleaf and Havana types of tobacco 
have been tested for their reaction to root-rot, attribut(‘d to Thuiavxa hnmcola, on 
severely infested soil under field conditions during the past four years. Three of these 
strains, Hibshman, Leaman an<l i )lson winch are of the best eommerical types have been 
found to be highl}' resistant to tliis dis(»ase as well as two other strains which are of less 
commercial imjiortance in 1^‘nnsylvania. Attention is called to a unique jilan of field 
tests by means of which the variable factors of soil environment are reduced to the least 
error. 

ProgresH report on Phytophthora-rvmstaHl tobacco, W. B. Tibdali:. 

Diu’ing the last tw'o years black shank, caused by Phytopht/iora mcofiatiae Van Breda 
de Haan, has been recognized as the most serious disease of tobacco in the Florida- 
Gc'orgia district. 7iie causal organism inhabits the soil and pei-sists at least five years 
after infested land has been abandoned for tobacco culture. It attacks the roots and 
low'er portions of stems and lower leaves of tobacco in any stage of development. The 
disease may cause a 60 per cent reduction in yield the first year it appears in a field, 
depending upon the variety of tobacco and its stage of development wdien first at- 
tacked. Connecticut Round Tip appears to be completely susceptible to the disease, 
w^hile Big C'uba, the common Florida variety, is more resistant. 

In 1922 seed w^as saveil from several healthy Big Cuba plants in badly iliseased 
fields. Progeny of these mother plants were tested on infested soil in 1923 and a few^ 
of them showed" a high percentage of resistance to black shank, as show n in the follow ing 
table: 
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Strain 

No. of 

J^iseased 

Living 

Yield per Acre 


plants 

per cent 

per cent 

pounds 

E-22-2 

431 

26 

95 

900 

P-22-3 

112 

19 

95 

960 

K-22-14 

400 

24 

93 

1,080 

Big Cuba, check 

520 

82 

77 

480 


Studtefi of anUiraniose infection m cotton seed. C. A. Ludwig. 

('otlon seed which is badly infested with the anthracnose fungus and spores gradually 
becomes clean after being stored for a considerable time. Thus it is perfectly safe to 
use it for planting the third spring after gathering if sf,orcd under laboratory conditions 
and is practically safe the second spring. The greatest r(‘duction in infection occurs 
fluring the autumn when the seed is about a year old. Seed kept in a moist atmo.sphere 
cleared up more rapidly lhari other .seed, but became musty and ceased to germinate. 
Seed stored in a uniformly very dry atmosphere remaincfl very heavily infected for over 
two years. Alternating between a very moist and a very dry atmo.spherc reduced the 
infection somewhat more rapidly than ordinary sbirage ami did not permit a great 
amount of mustino.ss to develop. Storage in laboratory conditions appeared to be 
slightly more favorable to the dying out of the fimgus than storing under an o|>en shed 
in eonditions comparable to those asually available to farmers. Preliminary heating 
or drying by ordinary methods did not help appreciably. Delinting with sulphuric 
acid, folio w(*d by sterilizing with merf*uric chlorule nvluced infection very inueh but 
(lid not eliminate it. 

Chestnut hhght in Europe (Endoihia jxirnsttica (Murr,) A. A* A.). IIaviin MKTCALr. 

The occiirreu(*e of eliestnut blight at Bruges, Belgium, i.s reported. It is helawed 
that this is the first report of this disease in Kurope. In London a chf^stnut staging- 
pole was observed with a blight canker on it, but the fungus was dead. 'Th(‘ theory is 
advanced that the? chi'stnut blight may have been taken to Europe from America on 
chestnut jioles or other chest, nut timber during the war. 

Observations on the Douglas fir canker (Ehomopsis pseudofsugae WiLson) in (heat Ihitain^ 

Haven Metcalf. 

During the last twenty years great munbers of American Douglas Fir {Pseudotsuga 
taxifolia (Poir.) Britt.) have been planted in Great Britain, particularly m Scotland; 
and especially since the war, w^hich gave a great stimulus to reforestation. The tree is 
planted mostly in pure stands. In many places the Douglas fir canker ha.s aasurned a 
serious aspect. It was seen by the writer at various points from Pixeter, England, 
north to Loch Awe, Scotland, and probably occurs throughout the British Islets wdiercver 
Douglas Fir is planted. At least until its origin is detennined, this disease must be 
regarded as a dangerous potential enemy of the Douglas P’ir forests of America. It 
has not yet been found in America nor on the continent of Europe. 

Wind d'lssemmation of aeciospores of Cronartium rilncola Fischer. L. II. Pennington. 

Held studies upon the wdiite pine blister rust were carried on for the U. 8. Department 
of Agriculture during the seasons of 1922 and 1923 in the Pacific Northwest. These 
studies indicate that the nist in this region originated from infected Finns sirohus 
which was imported m 1910 from P>ance into Vancouver, British Columbia. 
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The rust has spread widely. It has been found upon Ribes at the north 110 miles 
beyond the limits of white pine, at the south to the mouth of the Columbia River, and 
at the east across the Dry Belt upon both pines and Ribes from 1.50 to 200 rml(*s from 
infected pines in the Coast rei^ion. This Dry Beit, 150 miles wide with no white pinCwS, 
separates the eastern and weslern belts of white pine in Brit ish Columbia. 

It has become increasingly evident that the extensive distribution of the rust has been 
caused by wind-born aeciosporcs. At long distances from the source of aeciosiiores, 
infection has been found nuist frciiuently upon the cultivated black currant, Rihes 
nigrum. 1 his emphasizes tlie fact that in the North w'est as w'ell as in other rej^ions 
Ribes ivignim is a most dangerous host for the spread and establishment of wdiite pine 
blister rust. 

Survey of hhsfrr rust wfeetton ou ptue.^ at Kiitery Point, Me., and the effect of Ribes 

eradication in controlling the disease. C. B. Bosky and K. R. Foud. 

In 1916 the wdiite pine blister rust (Cronarhiim rihicola Fischer) was found to be 
epiilemic on nativi* white pines (Pmus strohus h.) at Kittery Point, Maiii(‘. From 
1917 to 1921 fi(‘ld studies were matle upon the epidemiology and local control of the 
diseasi' on this s(‘vt;rely infest e<i area. Th(‘ principal damage octairred on pines growing 
w’lthin 900 feet of a patch of cultiv'atiMl black currants (Ribes nifp'iini L. ). Local storm 
winds influenced the direction of spnvid of the disease and its concentration on pines 
varied with the size and dominance of the trees and the density of the stand, (binplete 
eradication of Hibes in 1917 prevented any further infection on the pines and in five 
years has permitted naturjil restocking with healthy pine seedlings at the rate of 242 
tree.s per acre. 

Controlling while pine blister rust in the h ortheasb rn States. E. C. Filler. 

Practical control of the white pine blister rust is being accomplished m the North- 
ea.stern States by .systcmatic.ally eradicating wild and cultivated Ribes sj)})., growdng 
within infecting range of white pine stands. Fndcr average field conditions this 
distance docs not exceinl 909 feet. Land owners or crcv\R of laborers can do the control 
work elTeetively under traineil supc^rvasam and leaderslup. In 1917 the F. S. Depart- 
ment of Agriculture in cooperation with the infest e<l states initiated a general control 
program for jirevcnting serious damage to the white pme crop in infested regions. Since 
then Ribes have been destroyed on approximately two and one half million acres of 
land growing wdiite pine. Efficiency cheeks on areas worked show^ that more than 95 
per cent of the Ribes were found and eradicated. The average per acre cost of this 
w'ork has been reduced from 72 cents m 1918 to appro.ximately 20 cents in 192.L Recent 
surveys of control arca.s worked several years previously show' that Rihes eradication 
has been ( 3 ffective in preventing further commercial damage to the pines. 

Ilypoxylon poplar canker. Alfred Povau, 

(Abstract in Phytopath. 12 : 59. 1922.) 

Wound healing of mesophylic leaves. Robert B. Wylie. 

Numerous layers of mcsophyll cells, which collapse and die when exposed by wounding, 
constitute the initial protection to the cut edge of the leaf. This false cicatrice is sup- 
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plernentcd in Vttis vuljdna by the infolding of the epidermal layers over the wounded 
edge, and in Rhus glabra by the latex poured out in the region of larger veins. Mitoses 
begin in two or three days but tlie healing process is not complete<l in these leaves for 
nearly two weeks. The cicatrice consists of several layers of cells which are tightly 
fitted together building a cork-lilcc tissue across the wounded edge of the leaf. The 
walls of these cells are considerably thickened, and the cells have modified content. 
Lignin may be denumstrated \^ithin 24 hours after wounding, and it persists indefinitely 
m the cicatrice. All cell layers of the normal leaf take part m the formation of the cica- 
trice', but the (^])idcrnial cells of such rnesophjTic leaves seem to divide but once while 
in some xerophytes a single epidermal cell may give rise to many cells of the cicatrice. 
Since inf(‘ction so seldom follows leaf wounds it seems that both the temjKirary and the 
permanent ci(‘a,lric<‘ are efficient in protecting the leaf from fungi. 

Iru^vd trausfinsstoit of aster yelhivs. L. (). Kunkel. 

During the turn' of most rapid spread of the aster yellows disease in experimental 
plots at Yonkers, N. Y. t he taniLshed plant bug Lygus pratvvsis L. and the leaf-hoppers 
Cicadula sex-notata Tall, and Rmpoasca unicolor Cl ill. were present in abundaiUH'. A 
third leaf-hopper Graph ore ph ala rocHnea Konst, was present but rather rare. Aphids 
were oecasionally observed but were never ahunilant. 

Experiments in which the tarnished plant bug and the leaf-hoppers Empoasra unicolor 
and Graph ore phala cocHnea were transferred from dLseased ])lants to healthy young 
plants in msei't-proof (uiges gav(; in all eases negative rc'sulls and sugge.st th.at these 
insects do not spread the dLsease. Similar experiments in which ('iradula sex-iiotaia 
was used, .show that this leaf-hopjier readily traasmits asl-er yelk>ws. By using a non- 
infccted culture it was shown that the mseet is capable of transriutlmg yellows only 
after feeding on diseased plants. It is beheved that Cicaduh srx-notala is responsible 
for most, if not all, of the sjiread of aster yellows in the vicinity of Now’ York (^ity. 

A flagellate infectioii of milkweeds in Maryland, Frani’Ir O. IIolmes. 

Typic'al herpetomonad flagellates occur in the latex of plants of Aschpias syriaca 
Linnaeus in the vicinity of Baltimore, Marylantl. The infections arc very heavy; 
in the freshly drawn latex active movement is ea.sily observed. Dividing forms may 
also be seen. 

In .size and morphological characteristics the organism agrees with the de.scription of 
Leptomonas Elmassiani Migonc, a small form, found in 1916 in Paraguay. This name 
should now be Herpetomonas elmass^iani for the tw'o genera were united under that 
name by Butschli (1884). Near Baltimore Oncopeltus fasetatus (Dali.), a common 
red and black hemipterous in.seet frequenting the infected colonies of milkweed, is under 
suspicion as the transrnittor, since the flagellates in its intestinal contents closely 
re.sernble those in the plants. 

Jn infected rnilkw^ceds the flagellates reach all parts except the roots and seeds. The 
plants are yellowed ami the smaller pods are frequently shrivelled. Whether or not this 
i.s due to the tlagellosis requires further investigation. Pictures of the flagellates drawm 
to s(‘ale are pre.sented herew'ith. 

(Joint contributmn f orn the laboratories of the Thompson Institute for Plant Re- 
search and of the Department of Medical Zoology, School of Hygiene, Jolin.s Hopkins 
University.) 
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Mosaic cross-inoculation studies. Otto H. Elmeii. 

Mosaic of plants is transmissible between hosts belonging to distinct orders and 
families. Such infection has been secured under controlled conditions by artificial 
inoculations and through the agency of insects. Successful infections of mosaic have 
been secured to NicMiana iahacum. from the following hosts; 

Cucumis saHvuSf CvewrUta moschata, Phaseolus vulgaris, Abutilon theophrasti, Zinnia 
elegam, Calendula officinalis, Stokesia laevis, Asclepias syriaca, Ruhus sp. (Red rasp- 
berry), Mariynia louisiana, Euphorbia preslii, Aquilegia canadensis, Apium graveolens 
and Saccharum offiwinarum; to Lycopersicum esculenturn from: Abutilon theophrasti. 
Zinnia elegans, Calendula officinalis, A. schpias syriaca, Nepeta cataria, Martynia louisiana, 
Apium graveolens and Saccfmrum officinarum; to Vigna sinensis and Roja max from 
Cucurbita moschata, to Ciccurbita moschata from Lycopersicum esculentuni; to Vigna 
sinensis from Solarnwi melongena; and to Martynia louisiana from Nicotiana tabacum. 

With bean and sugar cane mosaic, artificial infections to tobacco and to tomato have 
been secured only when inoculations were made with mosaic tissue rnascerated in a 
solution of a{‘efone. This chemical has not been an aid in other crosses. 

Artificial infe(‘tions are generally more difficult and the incubation period is usually 
longer in cross-inoculations between families than is the case within the family. For 
successful artificial infection between families it Ls necessary that a vigorous growing 
condition is present not only in the inoculated plants but also in the plant from which 
the inoculum is taken. 

Transfer of mosaic disease from red to black raspberries. Raymond B. Wii^cox and 

Flovd F. Smith. 

By placing aphids (Arnphorophora ntbi Kalt.) from healthy raspberry plants upon 
leaves of King red raspberries afTi'ctcd with mosaic disease, allowing them to feed for a 
few days, th<*n transferring them to jamng tip I(*aves of healthy Kansas black rasp- 
berries, hviiiptoins have been induced in the latter which have freipiently been noted in 
the field. 

Tips of the black raspbeiTics wilt an<l usually die to a distance of from one to three 
inches from the terminal bud; the green <*olor of the next leaf facies, beginning at the 
base, and leaves a somewhat mottled appearance; this symptom then appears in other 
leaves progrt^ssively down the stem; growth of the plant is retarded. 

Blac'k raspberry plants upon whicjh were placed aphids of the same spc'cic's from 
healthy raspberries remained apparently healthy. The symptoms were not induced 
by aphids of other species. 

'I'hese experiments have been jw^rforined both in the field and greenhouse. 

Cytological studies on tobacco mosaic. T. E. Rawlins and James Johnson. 

Cytological studies on tobacco mosaic, using Haidenhain’s iron-alum haematoxylin 
stain with best results, demonstrated the oeciurcnce of at least three distinct abnormal 
cell inclusions in chlorotic tissue. Among the first abnormalities to appear after inocu- 
lation is a mass of yellow-staining striate material which radiates from the nucleus. In 
young leaves the cytoplasm of the same cells usually contain one or two small black 
staining bodies about the size of the nuclcoles. In some of the cells of older leaves as 
many as twelve bodies of this same type were observed. Vacuolate bodies varying in 
size from those jast visible to slightly larger than the nucleus occur adjacent to the nu- 
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cleua at first, but appear to increase in size and become detached from it later. The 
etirly stages of the vacuolate bodies foimd in the glandular trichomes often contain 
a black staining central granule. 

With the exception of the type in which a single cell contains numerous small, black- 
staining bodies, all of the above types have been found in dividing cells. The body ap- 
parently passes to one of the daughter cells during the division. 

Temperatures which inhibit the development of mottling also inhibit the develop- 
ment of these bodies. 

No conclusion has been reached as to whether these abnormal bodies arc concerned 
with the cause or the result of the mosaic disca.se. 

Physali^ and cucurbit mosaic iniertransmissihle. M. N. Walkeu. 

Inoculations during the past year indicate that the mosaic disea.scs of physalis and 
cucumber are intertransmissible. An annual spec’ies of cultivated ground-cherry {Phy^ 
satis pubesems ?) was used in these inoculations. Tlie occurrence of a considerable 
number of mosaic wild perennial physalis plants, (P, heterophylla and P. subglaltraia) 
in the vicinity of mosaic infected cucumber fields indicates that physalis is concerned 
in the overwintering of cucurbit mosaic. Preliminary inoculations from mo.saic plants 
of these spet'ies have borne out this belief. The favorable results obtained by the eradi- 
cation of physalis in experiments on the control of cucurbit mosaic also indicate that it 
is an important source of infection to the cucumber although these results were some- 
w’hat complicatetl by abnormal seasonal conditions. The cultivated physalis has also 
been found susceptible to pokeweed mosaic and has .served as an intermediate host in 
inoculations from mosaic tomatoes to the cuciunber. Physalis ha.s proven especially 
valuable in the latter experiments since it is a host plant for aphids from both the cucum- 
ber and tomato. A complete report of this work will appear at a later rlate 

Experiments on the control of cucurbit mosaic, S. P. Doolittle and M, N, Walker. 

Continued investigations indicate that cueimbit mo.saic overwinters on the pokeweed, 
Phytolacca decandra and on Physalis spp. in addition to the milkweed, Asclepias syriaca^ 
and wild cucumber, MicrampcUs {Echinocyshs) lobata. Their importance varies with 
the locality. All excepting the pokeweed are found in Wisconsin ami north(‘rn llhnols. 
Mosaic pokeweeds occur in Michigan and Indiana and appear to b(‘ the chief sour<*e of 
infection in southern Illinois. In field experiments on the control of mosaic through the 
eradication of wild host plants at Rockland, Wis., during mo.suic Physalis appeared 
to be the chief source of infection. These experiments included ten fields which in 
preceding years had been from 30 to 100 per cent mosai(‘. During 1923, nine of these 
fields avtiraged less than one per cent mosaic on September 1 . The remaining field was 
infected early in the season, despite eradication, and showed 70 per cent mosaic, indi- 
cating that seasonal conditions were not such as to prevent the development of the 
disease. At Madison, Wis., the milkweed appeared to be the source of infection in a 
field which has been in use for experimental work for the past six years and has been 
100 per cent mosaic each season. Following eradication, this field showed only 6 per 
cent of mosaic on September 1, although surrounding fields suffered severely. Pre- 
liminary experiments in southern Illinois indicated that eradication of the pokeweed 
also gave apparent control of the disease. 
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The tnoeciie diseoee of NieoUana glulinosum not distinct from tobacco mosaic. M. N. 
Walkeb. 

The inoculation of healthy plants of Nicotitina glutinosunif the N, viscosum of Allard’s 
paper^ “A specific mosaic disease of Nicotiarta viscosurny^* with tobacco mosaic resulted 
in infection in a large number of cases. Controls remained healthy. It was found also 
that the mosaic disease of N. glulinosum as occurring at Madison, Wis,, is transmissible 
to tobacco. Toward the end of the growing season it was found that infection was 
less readily secured or that the symptoms were so maske<l on N. glutinomni plants as to 
prevent accurate diagnosis. This fact may account for the negative results given in 
the paper rnentionefl. Although Allard’s results suggest the existence of two types of 
mosaic disease w ithin the single genus Nicotiana, the present work indicates the proba- 
bility of the existence of but a single type. A full report of these results wdll appear 
in a later paper. 

The relation of Chenopodium murale to curly-top of (he sugar heeL Eubanks Carsneb 

AND C. F. Stahl. 

Many of the beet leaf hoppers which come into the beet fields in spring are non-virifer- 
ous. Chenopodium murak is one of this insects’ winter host plants. Inoculations have 
shown that this plant is very resistant to curly-top. Tests with nymphs reared on 
this plant from viriferous parents have indicated that usually the virus of curly-top 
is so attenuated by its passage through this resistant plant that it subsequently fails 
to cause the disease or else produces only mild cases. It seems probable that the non- 
viriferous leafhoppers which enter the beet fields in spring come from Chenopodium 
murale or plants comparable to it in relation to curly-top. Studies are in progress to 
determine whether or not the attenuated virus can be reactivated. 

Experhnents unih inoculated sulphur for scab control. Juwan G. Leach and R. C. Rose. 

Experiments have been conducted for two years at various points in Minnesota on a 
wide variety of soil tyjics, including peat. The results obtained w^ere very variable. 
In a few cases an appreciable reduction in the amount of scab w^as obtained but in the 
majority of cases little or no control could be detected. In many places the application 
of inoculated sulphur resulted in a decreased 3 'ield without any appreciable reduction 
in the amount of scab. The particular type of soil on which the sulphur is applied 
appears to have a great deal to do with the effectiveness of the treatment. 

Spraying vs, dusting for potatoes. Julian G. Leach. 

Comparative spraying and dusting experiments wTre conducted co-operatively by 
the Sections of I’lant Pathology and Entomology of the University of Minnesota during 
1922 and 1928, in w hich the following sprays and dusts were used. 

Liquid Bordeaux Mixture (4-4-50) (1922 and 1923). 

Liquid Bordeaux Mixture and Black Leaf 40 (1922 and 1923). 

Liquid BordeaiLX Mixture and Kayso (1923). 

Liquid Bordeaux Mixture and Sodium Silicate (1923). 

Dosch Copper Calcium Arsenate Dust (1922 and 1923). 

Dosch Copper Calcium Arsenate and Nicotine Dust (1922 and i923), 

Nicotine Dust (1922). 

Niagara Nicotine Dust (1923). 
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The (‘xpcriinents were conducted on 1/10 or 1/12 acre replicated plots at the Uni- 
versity Farm and were duplicated on Bliss Triumph and Oreen Mountain potatoes. 
All sprays were applied with a Friend power sprayer, using three nozzles per row, and 
dusting was done with a Niagara power duster. All plots were sprayed or dusted four 
times. 

The average increase in yield per acre over the check plots (sprayed or dusted with 
arsenates only) w^as 57 bushels (34 per cent) and 20 bushels (12 per cent) for the sprayed 
and dusted plots respectively in 1022. In 1923 it was 19 bushels (9 per cent) and 6.5 
bushels (3 per cent). This year the leafhoppers were not as numerous as in 1922 and 
appeared about one month later. 

Lons of utrenyth of mercuric chloride solutiom used f of treating potatoes. R. P. White. 

It has been known for some time that mercuric chloride solutions used for treating 
seed potatoes for scab and Rhizoctonia lose their strength wdth use. In the experi- 
ments recorded here the strength of the original solution was 1-1000. After using this 
solution four times wdth whole seed, the strength of the solution was found to be 57.4 
per cent of the original strength. When used four times with cut seed, the strength of 
the solution was found to be 12.5 per cent of the original strength. The area exfx)sed to 
the solution by the cut seed w’as approximately twice that exposed by the uncut seed, 
by actual measurement. The strength of the solution decreased approximately twice 
as rapidly. In addition to the increase in surface of the potato tuber, there is also a 
significant increase due to the liberation of stanh grains from the cut cells. The 
surfaces of these grains act as adsorbers of mercury ions and tend to reduce the strength 
of the solution. Weakening of mercuric chloride solutions used for treating seed pota- 
toes is projxirtional to the surfaces exjwsed, that may act as adsorbers of mercur>' ions. 

Potato seed treatment tests in Monitoha. G. R. Bisby. 

Four years' tests have showm that black scurf begin-s to develop on potato tubers at 
Winnipeg onliuarily during August, an<l accumulates in increa.sing amounts through 
September. There is a variation from year to year in the amount of scurf at a given 
date, but digging as soon as the potatoes are mature le.s.sens the percentage of black 
scurf. Neither corrosive sublmiate, copper sulphate, copper carlwnate, nor semesan 
exerted any noticeable “residual effect’^ in preventing the development of selerotia 
arising from the f ungas in the soil. Semesan may increase the yield somewhat. Both 
inoculated and non-inoculated sulphur reduced scab, but diil not lessen black scurf, and 
sulphur was not found to be practicable. The potato scab organism may be very 
abundant m virgin lied River soil. The various seed treatments nevertheless gave 
better results with scab than with black scurf. 

Some factors influejicing the development of potato scab. G. B. Sant'Ord. 

Exi>eriments have been made to determine the influence of soil moisture, soil tem- 
perature, soil reaction, and the age of the tubers on the development of common scab. 
Two types of soil were used: a fine textured non-organic sandy loam with a reaction 
approximately pH 7.2, and a black sandy loam high in humus content with a reaction 
of approximately pH 6.2. Under controlled moisture and temperature a maximum of 
scab developed in dry soils at 14*" C., 17° C., and 22° C. Soil moisture has appeared to 
exert a much greater efTect on scab development than the temperatures between 14° C. 
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and 22 C. In all cases the most scab developed in the drier soils, while the most moist 
soils partially or completely inhibited scab development. Dry soils constantly were 
slightly more acid than the same soils moist. Tubers appeared most susceptible to 
infection before they reached one-half inch in diameter. With the Cobbler variety, 
maximum infe(;tion occurred between forty and fifty days after planting. The above 
facts should be taken into consideration when interpreting results of experiments on 
scab control. 

Further rcaulLs in the inhcriUmce of immunity Ut potato wart. Freeman Weiss and 

C. R. OirroN. 

Further tests have been made of first generation hybrid potatoes and a few plants in 
the Is to determine their reaction to wart tlisease. Owing to the heterozygous con- 
stitution of {Kitato varieties segregation is obtained in the Fi. In a few cases families 
of from 10 to 20 individuals derived from a single cross have been grown, each seedling 
being multiplied vegetatively so that 25 or more plants have been tested through 1 to 4 
years. Grouping the crosses into the following classes gives these results: 



Immune 

Susceptible 

Immune X immune 
or X self 

12 


0 

Immune X susceptible 

351 


25 1 

Husceptiblc X immune 

1 

3I 

^38 

[28 

Susceptible X susceptible 
or X self 

1 


89 


Immunity is dominant. Reciprocal <‘rosses of immune and susccfitible parents 
react similarly. The small (‘x<'ess of immuncs in the combined crosses of this class 
points to the simultaneous action of 2 factors producing immunity, with a ratio of 9 to 7 
as the expectancy. It is jiossible that only a single factor is involved and that the im- 
mune types are heterozygous so that e(|uahty of immune and siLsceptihle progeny should 
be e.xpected, but the individual families usually show an excess of imrnunes, and none 
have given ratios agreeing with exiiectancy if 2 independent factors are concerned as 
found in JOngland by Salaman and Lesley. The Rural Now Yorker and its synonyms 
behave as homozygous rece.ssives. 

Root diae/wes of augtir cane in Forto Rico. Mel. T. ('ook. 

The root disease.s of sugar caiu' in Porto Rico have been considered of sc(‘ondary im- 
portance but the numerous reports and field studies of the past few months lead the 
writer to believe that these diseases are of major importance. 7'hese diseases are found 
in all typi'B of soils. The infected canes are dwarfed and usually show leaf spot symi>- 
toms which frequently mislead the field observ'ers. The presence of the cane borer and 
the wliite grub also lead to confusion and many growers attribute the entire trouble to 
these agencies. Careful field studie.s show^ the roots to be mmierous and decayed and 
the production of numerous adventitious roots from the node.s, sometimes as much as 
20 inches above the ground. Laboratory studies of weak and dead canes demonstrated 
the presence of ColUiotnehum falcntum. This organism was also found in some of the 
slightly infected roots. No definite conclusions as to the primary causes have been 
reached. 
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First progress report on the study of apple scab under Ohio conditions, W. G. Stovbr and 
H. W. Johnson. 

During the past season, several phases of the apple scab problem were studied on 
Rome Beauty trees in a commercial orchard near Columbus. The trees were dormant 
until the middle of April. The buds reached the pink stage about May 4. The first 
observed discharge of ascospores of Verduria inaequalis occurred on April 4 and the last 
on June 8. The period of heaviest discharge was May 8-21. 

The season was favorable for scab development On unsprayed trees 86 per cent 
of the fruit was scabbed. Tlie disease was first observed on the leaves on May 22, and 
on the fruit on June 4. 

Liquid lime sulfur and Bordeaux mixture gave satisfactory control. Foliage injury 
occurred where Bordeaux was applied after bloom. Neither sulfur <lust nor copper- 
arsenic dust gave commercial control. Fair control was secured where the trees were 
sprayed with lime sulfur before bloom and dusted with sulfur after bloom. Lime 
sulfur followed by copper-arsenic dust failed to give commercial control. 

The pink spray was the mo.st important single application in the schedule this year, 
while the prepink was of practically no value. Weather conditions w^ere not favorable 
for infection before the pink spray. 

Studies on apple blotch in Ohio. W. G. Stoveh and Curtis May. 

Examination of Smith Cider twdgs with blotch cankers, collected near Columbus, 
shoAved that viable spores were present in considerable number from the middle of April 
until the middle of August. Spores were found in pycnidia in diseased fruits from 
July 9 to August 29. 

Bagging experiments showed that the first infections occurred June 4-8, sixteen 
days after the petal fall spray. Infection continued until after July 27, when the last 
of the bagged fruits were exposed. The disease was first observed on the fruit on 
June 29, three weeks after the earliest infection period as determined by the bagging 
experiments. 

Other studies indicate that many, perhaps most, of the twig cankers originate from 
lesions on the petioles, as previously reported by others. 

Spraying with Bordeaux 3-6-50 (hydrated lime) at petal fall and 2, 4, 6 and 10 weeks 
later gave an average of 90 per cent blotch-free fruit while 60 per cent of the fruit on 
unsprayed trees was blotched. At each application one tree was left unsprayod. 
Under the conditions of this experiment no one application was more effective than the 
others. 

Three little known diseases of strawberries, C. D. SiiERiiAKorr. 

(1) Lilac Boftrot of berries and (2) brown hardrot of berries were common and de- 
structive during the past season in Tennessee. Isolations from interior of diseased 
tissues gave a Pythium from the softrot and a Rhizoctonia from hardrot. The first 
disease affects half-ripe and ripe berries. In the latter case the color of the rot is lilac. 
The hardrot affects the berry in all stages of its development; the growth in diseased 
portions is arrested, thus producing a more or less one sided berry. (3) Blackrot, a 
disease of very wide occurrence in Alabama and Tennessee and apparently farther 
north, has assumed proportions of a cosniderable economic importance in certain dis^ 
tricts; it is manifested by blackening of the roots from the crown downward. Many 
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of the affected plants begin to die shortly before the time of maturity of the berries; 
however, most of the plants survive through the season but with most of the leaves 
dead; on many occasions the same fungus was isolated in pure cultures from the diseased 
roots; the fungus so far remains sterile and is characterized by the production of dark 
‘‘plate’' in culture. 

Powdery mildew of raspberries. Julian G. Leach and J. L. Seal. 

A powdery mildew affecting both red and black raspberries was very prevalent in 
Minnesota in 1923. It does not appear to be very destructive although in cases of 
heavy infection of young plants or young shoots a distinct dwarfing may result. Af- 
fected leaves are usually more or less curled and wrinkled and are mottled with pale 
green to yellow blotches. Affected plnnt.s show considerable resemblance to mosaic 
or leaf curl, depending upon the degree of infection. The mycelium is confined almost 
entirely to the under surface of the leaves. On account of the normal white pubescence 
of the leaves, the mildew is often not recognized. 

In view of the quarantines against mosaic, leaf curl, and blue stem of raspberries 
recently enacted by several states, which will necessitate extensive inspeefion and 
rogueing, the above observations should be given publicity. This is particularly true 
since much of the inspection and rogueing will probably be done by men not especially 
trained in pathology. 

Spray injury. 11. C. Young and R, C. Walton. 

During the past summer there was an unusual amount of injury lo foliage and fruit 
from spray materials. A stud}’’ was made of the various types of injury to apple, poach 
and pears. It was found that the injury resulting from the sulphur sprays could be 
grouped imder 5 types, namely, edge burn, leaf scald and goose neck with lime sulphur, 
and injury following scab, and yellow' loaf with nlmost all types of sulphur sprays. The 
injury from copper .sprays w'as as serious on the leaves as any of the sulphur sprays and 
in addition cavtsed russeting on 90 per cent of the Greening apples. Likewise, ex- 
periments were conducted with Barium tetrachloride and calcium arsenate. The exact 
cause of the injury in any case was not <iet.ermined except that weather conditions had 
a decided influence on the amount of injury. This paper is intended as a progress 
report, and the physiological and chemical phases are being continued. Ilie investi- 
gation was carried on in New York and Penn.sylvania under the auspices of the Crop 
Protection Institute. 

Colloidal sulphur a.*i a spray material. 11. C. Young. 

This paper is simply a report of progress. Experiments w^ere conducted to test out 
the fungicidal value of colloidal and precipitated sulphur using the same methods of 
preparation as that reporte<l in the Annals of the ]Mis,souri Botanical Garden, 1922. 
The tests were made in five states, namely, New' York, Pennsylvania, Virginia, Illinois 
and Michigan. The materials W’ere prepared at the Geneva Station and sent to the 
cooperating stations. 

In all the states both mixtures controlled scab almost completely. There W’as no 
injury to foliage except with one application of colloidal sulphur in New^ York State. 
With the precipitated sulphur there w’as no injury whatever, and the foliage looked the 
best of any sprayed or unsprayed plots. 
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Both types of sulphur wtu-e applied to peaches, grapes, cherries and pears. The 
colloidal sulphur injured the leaves slightly in some cases, but the precipitated injured 
in no case. The most succulent foliage of peaches and grapes showed no injury with 
precipitated sulphur. It was impossible to purify the colloidal sulphur mixture so as 
to free it of soluble materials with the equipment at hand which, undoubtedly, was 
the factor in producing injury. 

A number of similar compounds are now being produced commercially. This work 
was headquartered at the N. Y. Agricultural Experiment Station and done under the 
auspices of the CJrop Protection Institute. 

Seed transmw.nori of root-knot nematode resistance in the peach. J. A. MoCLiNTorK. 

During the seasons of 1922 and 192)1 second generation seedlings, from peach trees, 
which had proven resistant to root-knot, were grown in nematode infested soil. Ex- 
amination at the close of each growing s€'ason showed that a large per cent of these 
second generation seedlings were free from root-knot. Peach seedlings of the Georgia 
Belle variety, and also tomato and lettuce plants showed abundant root-knots when 
grown in the same soil. 

These results indicate that nematode resistant pcachf‘s transmit this factor of re- 
sistance to a high degree through the seed during the first two generations. This offers 
a solution of the nematode problem in poaches, through the ilso of resistant seedlings 
as stocks upon which to bud standard varieties of peaches. 

A more detailed ai'count of thw work has been submitteil for publication. 

Present statm of stem and bulb nematode %n America. G H. Godphev. 

The stem and bulb infesting nematode, Tylenchas dipsaci, is increasing in importance 
in America, During the past year it has spread abundantly in areas where it has been 
under observation. Furthermore, it has been found to hi; much more widespread than 
was at first supposed. In the suseeptible crops that are adapted to rotations, .such as 
clover, bulbs, and strawberries, reasonable control cun be .secunnl as a rule without 
great ecionomie loss. In the cause of alfalfa, with which rotations are not so practieahle, 
however, the disease is cafiable of becoming more serious. 1''hcse nemalotlos have been 
grouped according to host preference into so-calle<l biologic strains Under favorable 
c!oiiditions for infection, such as those existing in a cool but humid locality, certain 
strains have shown their ability to rea(‘h out beyond tbe.se bouiKls. Potato, onion, 
pea, buckwheat, turnip and other crops may be infested by nematodes from one or more 
of the primary host.s. The po.ssibihty of gradual adaptation to new' ho.sts is indicated. 
Nematode infested dandelions {Taraxacum oj/irtnah) were found in W'osf^rn New' York, 
in Ontario, Canada, and at Bexston, Mass. Their wiile spread has been explained, in 
part at least, by the finding of nematodes actually within the seeds. They may thus 
be carried by the wand and established in a new locality. 

Relative susceptibility of red clover to anihracnose and mildew. J(jhn Mon"i>eith, Jn. 

A number of plantings have been made in various States under the direction of Dr. 
A. J. Pieters to compare imported red clover seed w ith home growm seed from various 
sources. On these plots and in greenhouse tests it has been observed that there is a 
striking dilTercnce in resistance to certain diseases. In sections where anthracnose has 
been common the plots planted with seed of Italian origin have been practically killed 
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out. Plants from send j?rown in Italy or other countries of southern lOurope have 
appeared to he most susceptibh‘ to injury by antbracnose iCollctotrichiiin irifolii and 
Glov^ospor iuni cciulivor um ) . Some strains of home grown red clovers are the most re- 
sistant of any lots tried thus far, 'Fins greater resistance to the disease does not apply 
to all American clovers for some lots appear as susceptible as c(‘rtain of the imported 
lots of seed. These plots also showeil diflfiTent degrees of susceptibility to jiowdery 
mildew in the reverse order to the suscejitibihty to anthracnose. The Italian clovers 
which are most susci^ptible to anthracnose an' most resistant to mildew while certain 
of our American strains wliich arc most resistant to anthnuaiose arc most suscc'ptible 
to powdery Inildew^ 

An invpfitigation of rloirr root rot. \V. .1. Voono. 

A large number of cultures of Fusaria wx'rc isolated from ihv roots of clover plants 
killed by root rot. (Vmipaiative study reduced cultures to about twelve strains which 
were used for inoculating clovm plants in the greenhouse. Soin(‘ strains ])roved harm- 
less, others gave rise to dfdinite eank(‘rs on the tap root but none w'erc abl(‘ to kill the 
clover plants outright. 

C'onehision: Some of thes(‘ Fusaria are weak parasites whicli are able to infect clover 
but n'quire the eoopmation of other deleterious agencies to induce iaiai results. 

37/c runffe of toleration of hn<lroij( n-ion coneodratioti ixh'dntrd by FunatUHtn frachei phdiim 

171 culfu7T. A J. Alix \Ni) DoitoTin Lnn Vaitoux 

A strain of traeheipfdiKtn from eowqx'a was growm on ]>otato dextrose agar 

and in potato (h'xtrose broth to which var> mg amounts of lactic acid or of NaOH w'cre 
added. tJrowth occurred on the agar at all eoneentrations tiled between pH 2.6 and 
pH 11.8. No growth occurred at jiH 2.4 or pH 12.2 In the broth growdh occurred 
at all concentrations trieil between pH 2.'.H) and pH 11.42. No growth occurred in 
broth with initial concentration of pH 2 65 or pH 11. 5S. 

'Jhe wide range here showni is perhaps int (‘resting in view of the .spc'ciah/ed nature of 
th(* parasite. 

Studie.s are in progress to learn th(‘ oiuimum eoneentration for growth, and the effect 
of the growth of the fungus on tlu' hydrogeu-ioii eoneen trail on of the* medium 

'Fu'o bacterial (Ureases of gl/idiolus. Li^<’1a Mc’C'i’LLOch. 

An undescribtMl leaf blight, particularly destructive to young stock, has been found 
on several varicdicKS of gladiolus. 4'he si)ots are translucent, usually angular, w’^ater- 
soaked, dark green, becoming brow'n. I'Yom these lesions theue is a copioiLs bactenal 
exudate in which soil particles become imbedd(‘d. 

The organism, which prodm'es a yellow, vi.s(‘id growth on culture media, has been 
isolated repeatedly, its eharact(‘rs studied and its pathogenicity proved. The group 
number is 21 1.2:i2252o. The name proposed for this organism is Fnicleruim gu7nnn- 
snfiau^. A complete de.scripta^n of this disease has been submitted tor i>ublu‘ation. 

The other disease', caus(xi by liaeternun marg77a\tun7 \. Mc(\, was n'ported briefly 
in Science, Augast 5, 1921, as a rot oeeiiiTing at the base' of gladi<»kis h'aves. Further 
study demonstrated that this organism is also the cause of a characteristic disease of 
gladiolus conns. Husk li'sions are brown to black, causing holes or erac'ks. On the 
body of the conn the .spots are eireiilar, dc'pressed aic'as, yi'llow to blown, horny in 
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texture, easily removed, leaving clean saucer-shaped pits. In these lesions of husk and 
corrn the bacterm remain viable and pathogenic from season to season^ thus providing 
a source of infection wherever the diseased conns are planted. 

Minnesota sunflower diseases in 1923. A. W. Hewky and H. C. Gilbert. 

SepUrria helianthi Ell. & Kell, and PucHnia helianihi-moUis (8chw.) Jackson 
together and separately, caused serious defoliation of Heliantkus annuus Ti. in different 
sections of Minnesota this year, particularly on land which had borne several successive 
crops of sunflowers. One hundred per cent of the plants in such fields were commonly 
infected with both fungi. The damage was less severe in several instances where sun- 
flowers were grown in rotation. The Septoria leaf spot was frequently more destructive 
than the rust. Both diseases first apiwared on the cotyledons but the Septoria leaf 
spot spread more rapidly during the early part of the summer while the rust did not 
become abundant until later in the summer. Nineteen varieties of cultivated sun- 
flowers were sevcu'cly infected with these diseases at St. Paul. A downy mildew also 
occurred on nine varieties of late sown sunflow^ers at St. Paul and was apparently re- 
sponsible for severe stunting of from ten to ninety per cent of the plants in different 
rows. 

Fungous disrasis of thv China astrr. \\ . O. Gloyer. 

The following parasitic fungi on the ('hina aster were studied: Asrochyta asteris 
(sa PhyllosLlda asU'ns Bres.), Botrytis cincreay Cohmponwn solidagnisy Fusanum sp.y 
Phytophihora sp.y Rhizoctonia solam and Septona callistepfn The leaf spots caused by 
Ascochyta, Botrytis, Goleosporium and Septoria were controlled by spraying with 
Bordeaux mixture. Ascochyta, Botrytis, Fusarium and Septoria ar(‘ seed borne and 
seed treatment with mercuric chloride proved more practical than spraying the plants. 
Botrytis, Fusariurn, Khixoctonia and Septoria may cause damping off and stem rot. 
Septoria is viable on two-year-old seed. A.s Septoria and other fungi winter on the stalks, 
they should be burned. Asters are susceptible to the other dLsea.ses studied during the 
seedling and seed producing periods, but the plant.s are attacked by J'"u.sarium and 
Septoria at any period of their growth. 

\Mierc mercuric chloride (1-2000) wa.s applied to the seedlings, Septoria and damping 
off were controlled. When applied at the time of transplanting no injury was noted 
where the soil was moist. 'W here the soil was dry the plants were badly stunted 
by 1-1280 and less by a 1-2000 solution. Three applications showeil no injury if the 
root systems were well established. 

Control chambers for plant environmenUil studies. James G. Dickson. 

. From the experimental studies conducted at Wisconsin on the relation of environment 
to disease development has evolved a series of chambers in which both temperature and 
relative humidity have been under control in the same compartment. Credit is gladly 
given Dr. Chas F. Hottes for the original suggestions in (jonneclion with these chambers 
although the methods of regulation are somew^hat different from those developed by 
him. A gentle current of air is circulated continuously through the chamber by means 
of a small motor driven blower. The tempering of this air current is accomplished by 
deflecting part or all of it through a series of heating, cooling, and humidifying compart- 
ments by means of two, two-way mixing dampers controlled by a pneumatic, graduated 
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thermostat and humidostat respectively. As the instruments used in the chambers are 
regular, stock equipment used in commercial heating and ventilating installations, the 
■cost of construction is reduced to a minimum. The average variation in temperature 
-and relative humidity has been within 3° C., and 5 per cent respectively, even when 
operating in full sunlight or under artificial illumination. The same temperature control 
equipment installed in four greenhouses has given good temperature regulation from 
November 1 to May 15. 

(Cooperative investigations by the Wisconsin Agricultural Pjxperimerit Station and 
the Office of Cereal Investigations, Bureau of Plant Industry, IT. 8. Department of 
Agriculture.) 

Tests of Uehydrated culture media. G. H. Coons. 

The development of dehydrated culture media for plant pathological work seems 
desirable. Besides the various media prepared for bacteriological uses, ‘ cornmeaP’ 
agar, prune juice agar, and lima bean agar have been prepared by the Digestive Ferments 
Co. of Detroit, Mich., following standard formulae. The first named, “cornmeaP’ 
agar, is a synthetic agar containing only pure glucose, pure dextrin and “Bacto” agar. 
The others are dehydrated infusions with agar added. In addition to these media, 
Coons' synthetic broth and Czapek’s synthetic broth have been prepared in dehydrated 
form. The following table shows the results of tests made with various organisms using 
the.se in comparison witli home-made media of similar formula. 

Schroitnui ciuerea Plcnodonius Colhtotrichum 

f liscomaculaiis li ndemuthianum 


Agar Medium I’h Mycelium 

Spores 

My(‘elium 

Pycmdia Mycelium 

Acervuli 

“Cornmeal, “ 

Difeo, .5.7 “f 

{-+ + 

4-4- 

4-4-4 

-1-4-4- 

-f 

Cornmeal, 

Home made 5 9 -f 

+ 

4' 

0 

-r i-4- 

0 

Prune, Difeo. 4.0 -{ + + 


4-4--P 

4-4-4- 

4-4-4- 

4- 

Prune, Home 

made 4 4 -j- -f + 

“f "P “h 

-f4-4- 

4- 

4-4-4- 

4- 

Lima Bean, 

Difeo, 


4-4- 

4-4- 

4-4-4- 

4- 4- 4- 4- 

Lima Bean, 

Home made 


4-4-4- 

4-4-4-4- 


Coons’ Synthetic, 

Difeo. 5,5 + + 4“ 

+ 4- 

4"f 4-4- 

■f 4- 

4- 4-4-4- 

-f-4- 

Coons’ Synthetic, 

Home made 5 15 -f 

P4"4-4'H 

h 4- 4"-+- 

4- 4- 4- 4- 

4-4-4- 

-p 4“ "h 4- 


Czapek's Syn- . i. » j 

thetic, Difeo. 5 4 Sterigmatocystis violacea made heavy growth, with abundant 

Czapek’s Syn- spores. 

thetic, Home xv. mu u 3 x 

made 5.2 Sterigmalocyslis tiolacea made heavy growth, with abundant 

spores. 
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Ephdu mexicana Fr,, Balarma hypoxylmi {Pk,) Atk, on smidbur^ {Cenchrus eckinatuh 

L.). Gkohoe F. Webek. 

During the summer of 1922 Cenchms ccMnalm L. (Sandbur) was found in the vicinity 
of Gainesville, Plorida, often severely attacked by Ephelis mexicana Fr. The fungus 
attacked the inflorescence of the host plant when it was still within the sheath. The 
inflorescence then was not able to emerge from the boot. The tillers were decidedly 
stunted but not killeil. The green color of the sheath was somewhat darker than 
normal when the fungus was present. As t.ho fungus developed the whole inflorescence 
wa'? involved. A soft spongy white mass of mycelia completely covered the floral 
parts. This gradually darkened to a glossy, jet black and became hard, forming a 
sclerotium from 75 to 150 mm. long, 2 to 4 mm. wi<le, often sornew^hat flattened and 
tapered more toward the bottom than the top. These sclerotia were collected and 
placed in a moist chamber. After two weeks small Peziza-like cups con aining conidia 
developed from the sides of the scderotia. The conidia germinated readily and grew 
on potato agar poured plates. After about four weeks, more growths appeared on the 
sclerotia. A stroma developed which was rough, black, globose, 2 to 5 mm. in di- 
ameter. It was pushed up by a stipe often 3 cm. in length. The stroma was filled wdth 
perithecia which contained asci and ascospores very similar to Balanma hypoxylon 
(Pk.) Atk. Later, during the winter the two stages were found out of doors buried in 
•and where diseased plants of Cenchms echinaim L. had previously grown. 

Infection-court in radish hlack-root. James B. Kbndrk'k. 

The natural w’ound at the point where the secondary root emerges from the (jortex 
of the primary root of the radish appears to be an avenue of infection for the black-root 
fungus {Rheosporangxum aphanidermatus Edson). Examination under the binocular 
microscope of 258 incipient lesions on 45 young White Icicle radishes show^ed that 98 
per cent were located in the cortex of the primary root immediately surrounding the 
base of a secondary root. The fungus is intercellular Evidences of systemic infection 
have been found. In young radishes grown in sterilized, inoculated soil, the fungus 
caused a blackening of the cortex of the stem, petiole, and leaf midrib and a lateral 
curling of the leaves. In field tests, the variety White Chinese ha.s tended to escape 
infection. 

Sugar beet seed disinfection mth formaldehyde vapor and steam. Caroline Rumbold. 

JjX|>osing sugar beet seed balls for 20 minutes to a mixture of formaldehyde vapor and 
steam with a temperature of 140° F. has been found sufficient in laboratory testa to 
kill fungus .spores and bacteria ordinarily associated with the seed balls. 

This treatment impregnates the outermost tissues of the seed balls witli formaldehyde 
without starting the germination of the seed or injuring the viability of the seed. Even 
after four years' storage, traces of formaldehyde have been found on the seed balls, but 
a field test in Virginia showed no decrease in germination of the seed. Field tests in 
Colorado with treated seexl are reported to have increased production of sugar per acre. 
In the author's opinion the increased production w'as due to destruction of fungus f pores 
or bacteria on the .seed balls, although the.se points have not, been experimentally de- 
termined. 
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In a previous paper^ the writer, together with S. A. Wingard, briefly 
discussed a rust of the cowpea {Vigna sinentiis (L.) EndL) which was 
found to be distinct in pathogenicity from the bean rust (Uromyces 
appendiculaius (Pers.) Fries to which it has commonly been assigned. 
Additional study of the cowpea rust has shown that it is distinct in 
morphology from the bean rust, as well as in pathogenicity, and it is 
presented herein as a clearly defined species. 

MOllPilOLOGY 

The most distinctive feature is found in the location of the uredinio- 
spore germ-pores; a character of marked taxonomic value which has been 
used extensively by Arthur and other workers in his laboratory.^ The 
urediniospores of ?/. appendiculatuH^ according to Arthur^s description 
in the North American Flora, show 2, rarely 3, ecpiatorial pores. My 
study of the species on kidney beau confirms this as to location of pores. 
They are invariably in the equatorial zone and are always 2 in number 
(Fig. 1, B; PI. I, fig. 2). I have seen no spores, however, in which 3 
pores could be clearly distinguished. The urediniospores of the cowpea 
rust also show 2 pores but their position is distinctly superequatorial 
(Fig. 1, A; PI. I, fig. 1). They are more distinct than are those of bean 
rust and are often seen in tJie untreated spore; they are clearly visible 
after treatment with lactic acid. The pores of bean rust are not easily 
seen except after treatment and then, as a rule, only when the spore is 

1 Paper 60 from the Department of Plant Pathology, Virginia Agricultural Experiment 
Station. 

* Fromme, F. D., and S. A. Wingard. Varietal susceptibility of beans to rust. Jour. 
Agr. Rea. 21:385-404. 1921. 

» Arthur, J. C,, and F. D. Fromme. Taxonomic value of pore characters in the grass 
and sedge rusts. Mycologia 7 : 28-33. 1915. 
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in such a position that the pores appear in the side walls. This difference 
in visibility is probably duo to the darker wall of the spore from cowpea. 
A slight distinction is also seen in the surface markings of the spores; 
the echinulations are closer and less prominent in the cowpea rust than 
in the bean rust. The uredinia on the cowpea are darker in color and 
larger, as a rule, than those on bean (PL I, fig. 3). 

The teliospores are very similar (Fig. 1, A and B), but those from cow- 
pea usually show a slightly thinner side wall and less apical thickening; 
they arc also of the lepto or non-resting type, a point that will be dis- 
cussed later, while the teliospores of bean rust apparently require a con- 
siderable after-ripening period before they are capable of germination. 

The aeciospores of the two rusts are indistinguishable (Fig. 1, A and B) 
but the arrangement of the aecial groups is distinctive. Fisher' describes 
the aecia of U. appendiculatus as often in *^kreuz formige^^ groups and 
this is true of the aecia on Phaseolus seen by the writer. The groups 
suggest crosses (PI. I, fig. 4) or rosettes (PI. I, fig. 5) according to the 
number of aecia. The aecial groups are small, the average number of 
aecia to the group being 7 and the range from 4 to 12. This grouping 
has not been seen in the cowpea rust. The aecia hero are in the usual 
annulate group on slightly raised areas (PL I, fig. 6). The groups arc 
considerably larger than are those on l)ean and tiiey av(*rage about 50 
aecia to the group. 

The presence of superequatorial pores in the rust of V'igna has been 
noted by Arthur,^ but at that time he apparently considered this a 
varietal distinction rather than a specific one. In a disciission of material 
on Vig7ia repens and V. vexillata from Porto Pico he writes: 

While the pores in the urediniospores of this species are usually two or three, and 
equatorial, they are sorrietiines four in number luul Hornetiiues are distinctly sujxt- 
equatorial. The Stevens’ collectioiiH fi’oni Porto Kico sliow only urtshnia, and the 
spores are 2-pored. On Phaseolus the pores are mostly ecjuatorial, hut on Vignn fh<'y 
are fp.arkctily superequiitoruil. 

He makes a similar comment in a later paper^ as follows: 

The collection on Vigmi vciHloUi, made by Mr, Johnston, shows im^iiiiiiospores with 
two or three })ores, varying from eciuatorial to markedly superequatorial, a condition 
also noted m the Porto Hi(‘fin rusts on this host genus. I'he species is autoecious, but 

1 1)redin(*en der Schweiz, p. PJ. 

“Arthur, J. C. Urechnales of Porto Kico, Mycologia 7: 1S5 1010. 

« Arthur, J. C. Predinales of Cuba. Memoirs Torroy Hot. Club 17: 120. lOlS. 
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the pycniil imd acciu have not tx'cn reported from th<* tropies, and ev^en ioha are soine- 
what rare. The rust is eosinopolitan on Doliehos, ]*haseolus, Strophosiyles, V'jj^na, 
and jnohahly oilier j»enera. 


SYNONYMY OF OOWPEA RUST 

The foregoing treatment of the cowpiiii rust is that commonly followed; 
it is referred to U. nppevfhcuIatuH in all taxonomic treatments of this 
species seen by th(j writer and commonly passes under this name in 
current literaturf'. There are, however, eleven rust species whicdi have 
been rlescribed on species of Vigna. Four of these are speci(*s of Aeci- 
dium, two speeii^s of Unxlo, and five species of Urotnyces. "J^hey are 
listed in the following: 

Aevidium rignar ( \)ok(', on Vigna marginata^ Natal, South Africa, 
(Irev. 8: 71. 1879; A. ntgroH'nichini Pat. & Har., on Vigna sp.^ French 

lndo-( diina, Bull. Myc. Fr. 22: 110. 1900; A. caulicola P. Henn., on 

\ ig?fa sp., D(*nibo, central Africa, An. Afus. Congo 2: 95. 1907; A. 

decipienr^ Syd., Alonog. I'red. 4: 22*1. 1923. 

(‘redo pnrpnra.srens \\ Jlenn., on Vigna sp., central Africa, An. AIus. 
Congo 2: 93. HK)7; vignne Bros., on F. latca, St. Thomas, A\est 

Indies, Pev. Afyc. 13: 00, for 1891. 

Vroniycvi^ vignac Barcl., on 1 igna vexiUata^ Simla, India, Jour, Asiat. 
Soc. Bengal 60: 211. 1891; C. pazschL'eanus P. Ifcnn., on \ igna .s 7 >., 

Abyssinia, Bull. Herb. fh)iss. 1: 107. 1893; C. vigfncola P. Henn., on 

Vigna .sp., .\frica, Fug. Bot . Jahr])r. 38 : 103. 1905; I \ panctiforniis Syd., 

on F. titroJiilophora, Ab’xico, Fred. 1513, 1901; C. vignae lidcolae V. Henn., 
on F. hdeola, Africa, An, ATus. (Vmgo 2: 95. 1907. 

Only two of these species, (\ vignae Barcl., and C. vignac lutcolae 
P. Henn., can lx* assigned with any degree of certainty to tlx* rust of 
cowpea un(h*r disiaission. Although the wiiter has se(‘n no material of 
Barclay’s species there (*an be little question as to its id(*ntity. The 
type collection was made near Simla, India, on Vigna vexiUata (L.) 
A. Kich.,^ a cosmo})olitan species whieJi is represented in the Arthur 
herbarium- by three rust collections, two from Cuba and one from Porto 
Rico. Tlu'se have been examined and found identical with the rust 
of T". smem^ifi. Barclay descril)cs the urediniospores of U. vignae as: 

1 It IS to be noted thnt Barclay <‘ites the host a.s V vvjiUnia Benth but Itichard’s 
name antedates this 'The tv\o refer to the same sjiecies 

^ The writer is ind(*bted to Fr. .1. V. Arthur and to Purdue Ibiiversity for the loan of 
herbarium material, ami also to Dr. Arthur for critical reading* of this luanuseript. 
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Brownish red, oval to round, thin walled, very spiny and with a few immature teleuto- 
spores among them. They measured when fresh and just wetted 26-29 X 19-18 
The teleutospores are deep brown, oval, very deciduous, with a portion of colourless 
stalk adherent, with a pale-brown, shallow manmiila, and a smooth surface. The fresh 
spores just wetted measured 35-27 X 22-20 m* The portion of adherent stalk measured 
up to 40m in length. 

The close similarity of these measurements with those of the species 
under discussion leaves little doubt as to their identity. It seems prob- 
able also that f/. ngnae luieolae is identical with this species as it is listed 
by Sydow as synonymous with IL appendiculatus to which he also assigns 
the rust of 1 ^ sinemis. 

None of the species of Aecidium described from Vigna can be placed 
with any certainty and probably none of them relates to the rust in 
question. Aecidium cauUcola has small aeciospores, 10“15p. according 
to Hennings, and A. vignae has aecia in large groups on strongly hyper- 
trophied areas of the leaf blade and petiole. 



Fiu. 1. A. Acciospores, urcdiniosport's and tclios^x^res of lhomyce« vignae from 
V. smensiH. The urediniospores show 2 Huperequatorial pores. B. AeciosiX)res, ure- 
diniospores and teliospores of U. appendiculatus from Phaseolus vulgaris. The uredinio- 
spores show 2 equatorial pores. C. Genninating teliospores of U, vignae, 

Uredo vignae has been transferred by Arthur (Bull. Torrey Club 44: 
509. 1917) to Phakopsora, a genus in which the uredinia are bordered 
by a delicate cellular peridium, and U, purpurasce^in has small uredinio- 
spores. 
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The urediniospores of Uromyces punctiformis are thin walled with 2 
inconspicuous, approximately equatorial pores, and are readily dis- 
tinguished from those of U. vignae. The telia of this species are minute 
and the teliospores are punctate and have long pedicels. Arthur has 
placed it under U, appendiculatus (N. Am. Flora 7®: 257. 1912) but it 
appears to the writer to be a valid species. It is known only by the 
type collection. U, vignicola although described as a rust is said to be 
a Synchytrium. The status of V. pazschkeanus is in doubt. According 
to Sydow the teliospores are distinguishable by thick pedicels which 
swell in water. No urediniospores are described. A specimen which 
comes from the region of the type, collected by (1. Schweinfurth on 
Yigna sp,, Eritrea, Akrur, February 14, 1894, and labeled U. pazsch- 
keanicSj shows urediniospores 20-22 X 23-27 [x, with 2 supereqiiatorial 
pores, and is identical with U. rignae in Other respects. The specimen 
may be incorrectly named, however, and it seems ])est to leave the 
assignment of this species open for the present. 

A critical examination of material previously listed under V, appendix 
culatm shows the following to be additional hosts for L \ vignae: — Dolichos 
lablab^ PhamAus truxillensis^ Vigna repens and \\ sesqnipedali.^, A point 
of unusual interest is found in the o(*(mrrence of both species on DoUchoi^ 
lablab. V. vignae occurs on two collections of this host from ('ul)a, as 
cited later under hosts, and on one from India, while a collection from 
Jamaica, lower slopes of JMt. Closes, April 14, 1903, L. M. Underwood, 
and one from Krakau, Bot. (rarden, August, 1891, ^M. Kaciborski, both 
bear rusts readily identific^d as L \ appendiculatus. All material seen on 
the other hosts of U. vignae as listed is referal)l(' to this species. The 
occurrence of U. vignae on Pkaseulus truxillensis is somewhat surprising 
in view" of the fa(’t that no other species of Phaseolus, so fiir as is known, 
bears this rust. Doiichos melanophthalmus DU. w"hich is found to bear 
[/. vignae is said by Piper^ to be a cultivated, blackeyed cowpea of the 
Mediterranean region synonymous wdth V. sinensis. 

The following hosts appear to be correctly placed under U. appendi- 
culatus: Phaseolus adenanthus (b Meyer, P. anisotrichus Schl., P. atro- 
purpureus Moc, & Sesse, P, coccineus Jacq., P. disophyllus Bentli., 
P, lunatus U., P. obvallatus Schlecht., P. polystachyus (L.) B. S. P., 
P. retusus Benth., P. vulgaris L. The status of the rust on P. lathyroides 
L., P. sinualus Nutt., Strophostyles helvola (L.) Britton, S. paucijlora 
(Benth.) S. Wats., and S. umhellata (Muhl.) Britton is not so clear. 

1 PijK^r, C, V. Agricultural varioties of cowpea. lb 8. Dept. Agric., Bur. PI. Ind. 
Bull. 229. 1912. 
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Those liavo all been referred to (/. appendiculatus l)ut all show pores 
slightly abov(^ the (H|uator, somewhat mterinediate in position between 
the equatorial pores of this species and the distinctly superequatorial 
pores of r. vigme. Tliey cannot be placed properly with the latter 
sp(K*ies and lh(‘y are atypical for V. append iculaim. It is possible that 
a tliird spe(Mes is involvc'd. I have attempted to culture the Stro- 
phostyles rust on ])oth l)oaus ainl eow'poas without success but the cir- 
cumstances attending the attempts do not warrant a statement that the 
I'ust will not pass to either under optimum conditions. Arthur^ has 
shown that the Strophostyles rust is autoecious and that it has telio- 
spoH's of the resting type l)y producing aecia in the spring with over- 
wintered telios])()res. 

Tt seems d(‘si]a))le to supply a more detailed description of the rust of 
Vigna than that given by lharclay. The pyenia and aecia have m)t been 
desf‘ribed and the ur(‘(linia and telia have features of taxonomic value 
not iiududed in Barclay’s description. The species is also transferred to 
th(* genus Nigredo ac(‘ording to Arthur’s treatment of the rusts. 

Nigredo vigtiae (BarcL) oom]>. nov. 

l^roingces viguae BarcL Jour. Asiat. Soc. Ihmgal 60: 211. IHbl. 
J'rofngce.'^ vtgnae hdeoJae P. Ifcnin. An. Afus. Congo 2: 05. 1007. 

0. JVeuia cpiphyllons, in small circular groups, homw'-ycdlow, be- 
coming brownish, globose or broadly so, 100 125;ji in diameter; o.stiolar 
tilamcmts short. 

1. Accia chiefly hypopliyllous and petiolicolous, in circular groups, 
2 4 mm. across, often with annular arrangement, low-cupulate, small, 
0.2 0.8 min. in diameter; peridiurn whitish, rather evanescent, margin 
spreading, irregularly lacerate; peridial (‘ells rhomboidul or oblong, 
sliglitly imbricat(‘d, 10 20 X 20-25^, the outer wall 3-5^1 transversely 
striate, smooth, the inner wall 2~3pL, verrucoso; aecios})ores ellipsoid or 
oblong (dlipsoid, 10 20 X 20 20 (jl; wall (‘olorless, 1 1.5 [x, minutely and 
closely verrucose. 

II, Urodiuia ainpliigenous and petiolicolous, scatt(3red, roundish, 
rather large, about 1 mm. or less in diameter, soon naked, chestnut- 
brown, ruptured epidermis evident; urediniospores ellipsoid or ovate- 
ellipsoid, 18 22 X 24~30iJL; wall cinnamon-brown, moderately thin, 
1.5" 2^, finely and elos(3ly echinulate, the pores 2, readily distinguished, 
markedly superecpiatorial. 

^ Arthur, J (\ Cultures of IJredineac in 1903. Jour. Myc. 10: 14, 1904. 
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III. Telia amphigenous and petiolicolous, roundish, about 0.5 mm. 
in diameter, early naked, blackish-brown, somewhat pulverulent, rup- 
tured epidermis evident; toliospores broadly ellipsoid, 20-25 X 27 35 jx, 
rounded or obtuse above, usually rounded below; wall dark cliestniit- 
brown, smooth, moderately thick, 2-2.5^, apex 4-G(x including the 
hyaline, hemispherical umbo; pedicel hyaline, fragile, rarely equalling 
the spore Icngtli; g(Tminatiiig at maturity. 

The collections listed ])elow have be(ui examined by tlie writer. 

On Dolichofi lablab L., Santiago de las Vegas, Cuba, November 3, 1917, 
J. R. Johnston; Regia, Prov. Havana, Cuba, April 8, 1903, J. A. Shafer 
(from phanerogamic specimen); Kanaighat, India, May 24, 1905, E. J.- 
Butler (Sydow Ured. 2101). 

On Phaseoius iruxillenslH San Jose, C'osta Rica, January 10, 

1916, Holway, 397. 

On V'igna reports (I..) Kuniz(», Miami, I'lorida, March 25, 1903, 
Holway; Punta Rassa, L(‘(‘ County, Florida, February 26, 1916, P. C. 
Sfandley, 12670; Arecibo, Porto Rico, May 21, 1913, F. L. Stevens, 1760; 
Mayagiiez, Porto Rico, March 3, 19I(>, Wla^tzel & Olive, 201; Bahia 
Honda, Pinar del Rio, (’uba, Decfunber 11, 1910, Percy Wilson (from 
f)han('rogamic specimen) , 

On Vigna scftqui pedal (L.) W. F. AViglit, Ilonoino, Hawaii, May lt)20, 
L. O. Kunkel, 

On \ njna sunnm'.fi (I^. ) FudL, Alhambra, ('alifoniia, Fall, 1919, D. C. 
Alilbrath; Ames, lowti, Fall, 1901, Estella Rliirudiart; liafayette, Indiana, 
October 17, BH)2, J. C. Arthur (X. Am. Ured. 381); Lafayette, Indiana, 
0(*lober 26, 1903. J, C. Arthur; Siding, Ti^xas, August 2(>, 1909, Heald & 
Wolf, 2260; l^'esville, I'exas, August 1, 1902, C. L. Shear; Brownsville, 
Texas, May 10, 1912, W. P. Carr; Manchester, Missouri, September 26, 
loot) H. A'on Schrenk; Columbia, Missouri, Septcanlier 23, 1906, B. M. 
Duggar; Crady, Alabama, July, 1923, S. A. Wingard; IVnsacola, Florida, 
July 26, 1909, (L W. Carver (N. Am. Ured. 86); Bell, ATaryland, August 
2, 1921, J. T. Rogers; Arlington Farm, Virginia, September 16, 1907, 
Cf. Craham; Bla(*ksburg, Mrginia, August 7, 1922, S. A. Wingard; 
Oahu Sugar (’ompany, Oahu, Hawaii, July 23, 1919, Lyon; Xujingyan, 
Burma, January 24, 1908, Fk J. Butler (Sydow Ured. 2451); Parma, 
Italy, July, 1874, Passerini (Thum. Alyc. Univ. 40). 

On Vigna rerillnta (L.) A. Rich., Toa, Baracoa, Cuba, April 17, 1916, 
J. R. Johnston, 586; (\ampo Florido, Prov. Havana, Cuba, July 18, 1912, 
Bro. Leon (from phanerogamic sp(‘cimen); Mayaguez, Porto Rico, June 
14, 1913, F, L. Stevens, 2216. 
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On Vigna sp., Eritrea, Akrur, February 14, 1894, G. Schweinfurth. 

The locality of the type collection is near Simla (on Tara Devi), India, 
on Vigna vexillata (L.) A. Rich. (V, vexillaia Benth). 

GEOGRAPHIC DISTRIBUTION 

A survey of recent literature gives a number of additional localities 
and adds materially to the distribution of the rust of cowpca as shown 
by the herbarium material examined. The rust is, of course, cited as 
U, appendiculatus. An examination of specimens would be necessary 
before these citations could be placed without question under f/. vignae 
but there seems little doubt that the following are referable to this 
species. 

On Vigna liUeola, Columbia, (-entral Andes, Mem. Soc. Neuchat. 6: 
462. 1914; Argentine, Iledwigia 36: 223. 1898. 

On Vigna sesguipedalis^ Philippine Islands, Leaf. Phil. Bot. 6 : 2076. 
1914. 

On Vigna sinenf^ifiy Japan, An. Myc. 20 : 82. 1922; Philippine Islands, 

Phytopathology 9 : 139. 1919; Ceylon, Yearbook Ceylon Hoc. Agr. 1919^- 

1920 : 117. 1919; Cuba, Informe Estac. Exp. Agron. (■uba 1918 1919 , 

1919 - 1920 : 723-763. 1921; (Jiina, An. Phytopath. Soc. Japan 1 : 66. 

1921; Russia, Bur. Myc. & Phytopath. Petrograd 1: 23-41. 1915; 

India, An. Myc. 10: 256. 1912. 

Apparently the rust of Vigna is cosmopolitan and occurs practically 
coextcnsively with the distribution of its hosts in southern Europe, 
Asia, Japan, the Pliilippines, the Hawaiian Islands, Africa, South 
America, Central America, the West Indies, and the United S-tates 
especially in the southern part. It is recorded from the states of Mary- 
land, Virginia, Alabama, Florida, Indiana, Iowa, Missouri, Texas, and 
California. 


INFECTION STUDIES 

The rust material used in the infeidion studies has been obtained from 
several sour(*es. The first material came from D. C. Milbrath and was 
collected at Alhambra, California, in the fall of 1919. It consisted of 
fresh leaves of Blacki^ye cowpea bearing viable urediniospores of l\ 
vignae. The rust w^as established in th(j greenhouse on Blackeye plants 
and was carried over winter with occasional transfers. 

A sowing of 18 varieties of cowpca and 19 varietals of kidney bean was 
made in the field at Blacksburg, Virginia, in the spring of 1920 and after 
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suitable growth these were inoculated with urediniospores taken from 
Blackeye plants in the greenhouse. The inoculation was made on July 10 
and uredinia were first noted on the plants of Blackeye on July 22. The 
infection had developed vigorously on this variety by July 29 and on 
this date a careful inspection of the other varieties of cowpeas and beans 
was made. No infection was found on any of the beans and infection 
of the cowpeas was restricted to four varieties of the Blackeye type 
recorded as follows: 

Vigorous infection: Blackeye. 

Slight infection: I^arge Blackeye, Extra Early Blackeye, Ramshorn 
Blackeye. 

Flecks only: Bhu^k, Brabham, day. Cream Crowder, Callavairt, Groit, 
Iron, New Era, Red Ripper, Taylor, Two-Chop Clay. 

No flecks n'or soj*i: (Jrowder, Rice or Cream Pea, Whippoorwill. 

The infection at this time consisted of uredinia and telia, the latter 
occurring esp(‘cially on the older leaves. It continued (o develop vigor- 
ously on the Blackeye plants whicdi suffered s(*v(‘re defoliation in con- 
sequ<u)ce. In late August, much to our surprise, an abundant d('velop- 
ment of aecia was noted on the plants of this variety. Uredinia and 
telia W(M*e found in considcu'able num])ers on Extia fhirly and Ramshorn 
Blackeye at this time ))ut there wc‘re no a(‘cia and noiu' also on Large 
Blackeye whiidi showed only slight inf(‘ction. There w(*r(‘ no sporulating 
sori on any of th(‘ other varieties. 

An attempt to carry th(‘ rust ov(*r winter in tiie greemhouse was a 
failure owing to the low tem{)eratures maintaiiUMl which were unsuited 
to the growth of (‘owpeas. During the spring of B)21 Bla(‘k('ye cowpeas 
with other varieties W(‘re sown in the same location in the field as in 1920 
in the hof)es that infection might result from over-wintered material, 
but no infection occurred throughout the season. A culture of the rust 
from Blackeye was again oldained, however, on August 28, 1921, from 
the farm of the County 10xf)eriment Station at C'hatham, \’irginia. The 
rusted Blackeye plants wi^iv in a variety test which also included the 
varieties Black, Brabham, Clay, Groit, Iron, Taylor, New Era and 
Whippoorwdll, none of which showed infection. Although the rust was 
in the telial stage only an attempt to establish a culture was made on 
Blackeye plants in the greenhouse on September 10. Pycnia followed 
by aecia appeared on the inoculated plants on Septem])('r 19. A second 
sowing of the material from ('Chatham w^as made on other Blackeye plants 
on September 19 and pycnia w^ere obtained on Septemlxu' 28. 

Aeciospores from the culttirc of September 19 wei*e used as inoculum 
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in the greenhouse on October 18 on plants of Blackeyo and Black cowpea, 
on adsuki bean (Phat^eolm angularis (Willd.) W. F. Wight), asparagus 
bean (]*{gna xc.squipedalii^)^ hyacinth bc^an (Dolichos lohlah)^ mung bean 
(P. aureus Roxb.), bubb catjang (T. catjang (Burm.) Walp.), rice l)ean 
(P, calcaratuH Roxb.), sword Ix^an {Canavalia gladiaia)^ scarlet runner 
fP, vuMflorus Willd,), and urd bean {P, mungo L.). Infection (uredinia) 
was obtaiiK'd only on Blackeye. A repetition of the foregoing test was 
made November 1, using iirediniospores from Blackeye on the same 
series of plants. V'igorous infection was obtained on Blackeye and 
noiK' resulted on any of the other plants. A third attempt made on the 
same series of plants growing in a garden at Blacksl)urg in th(‘ summer 
of 1922 gave the same j’esults. No plants except those of Blackeye 
showed infection. Several additional attempts were made to secure 
infection with the cowpea rust on a numlxT of varieties of kidney l ean 
and lima bean, but all were wbhout success. 

From tlu' foregoing it is apparent that tlie rust of cowpea, is closely 
limited in its host range. Of the varieties of cultivated cowpeas tested 
it has infected only Blackeye and closely related strains and has produced 
no infection on tlie kidm^y, lima or other types of bean included in the 
tests. 

Piper’s observations (1. c.) on i\w developnamt of rust in cowpeas 
under comparative tests at Arlington, \lrginin, furnish additional data 
as to vari(‘tid susceptibility. Ifo writes: 

Rust is a »hs(‘usc to wliicli iiio’^t standard Vtrionoau varieties of eowpoas are initnuue. 
Many recently imported varieti(‘>. e'^iXMaallv fri>ni China ami India, are, h(^^^ever, 
very saseepfible to tins disease ami suiTei severe injury from it That otlx’r vaneiirs 
are (‘oinj)let<‘ly immune to rust would afipear from the fm-t that tlu'V an‘ never allectcd 
even when growing; eontijiuou.*> to a. rusted variety on the same ground for several 
years in succession, whn*h has been tlie ex])erien(‘e at Arlin^:ton Fj rm. This disease 
was very much in evi hmce at \rhnsj:toii in 190S and ICOl), hut was mtirely absent in 
1910. 

PipoT’s tests included a large number of named varieties and in ad- 
dition a number of importations from foreign countries many of which 
are listed l)y nuinlxcr ouly. Notes as to lichavior with respect to rust 
infection are included in the descriptions and discussions of the varieties 
and introductions. The named varieties of cowpea on which th.^ presence 
of rust is recorded an': Browneye, Chinese Black, C’hinese Red and 
(Uiinese Whippoorwill. It also occurred on a number of the vnnamed 
introductions of cowpea, catjang and asparagus bean. The following 
varieties of cowpea are recorded as free from rust: Ayrshire, Blacl , Black 
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Crowder, Blackeyed Lady, Brab’ham, Brown Coffee, Brown Crowder, 
Browneye Crowder, Cotton Patch, Cream, Delaware Red, Early Black 
or Congo, Early Blackeye, Early Red, Grayeye, Cb*oit, Guernsey, 
Holstein, Iron, Lady, Louisiana Wild, Michigan Favorite, New Era, 
Old Man, Panmure Early Wonder, Peerless, Powell Early Prolific^ 
Purple-Podded Clay, Ramshorn Blackeye, Red Crowder, Red Ripper, 
Red Whippoorwill, Red Yellowhull, Self-Seeding (Uay, Sixty-Day, 
Small Black Crowder, Smallpox, Southdown, Spe(;klcd (Vowder, Taylor, 
Unknown, Unknown Blackeye, Warren New Hybrid, Watson, Whip- 
poorwill, Whippoorwill C'rowder, White Giant, Wight Black Crowder. 

It is to be noted that none of the varieties recorded as susceptible to 
rust by Piper were included in our tests and that the o])servations with 
respect to thovse vaiieties which were included in both tests are in agree- 
ment except that the writer obtained moderate infection on Early 
Blackeye and Ramshorn Bla(‘keye while Piper records these varieties as 
free from rust, (-(‘.rlain introductions of asparagus be^an were found 
to be susceptible })y Piper while others were rust free. ]\Iy attempts to 
infect asparagus l)eau were made with a single variety. Yard Long, and 
it seems probable that successful infection might have been obtained if 
more varieties or strains had been available. It is possible, of course, 
that there are two or more biologic strains of the cowpea rust. Ac- 
cording to L. O. Kunkel the rust of asparagus beans is common in the 
Hawaiian Islands. In a latter dated March 14, 1920, he w^rites: 

1 have not found rust on hoans out hero (]foiu»IuIu^ and tlHU*o is no record of its occur- 
rence here at tht‘ station. }Un\ever, \^hal is supposed to he the same tiling is common 
onougti on the Yard Lnn^ tiean, Vnjna up. \ have collected rust on this host on this 
island and also on tlu' island of Hawaii. Phaseolus plants are always free from rust. 

Although I have made no exttuided t(\st of teliospore germination with 
either the cowpea or bean rust it is evident from their liehavior in (Uilture 
that r. vignac has teliospores of the non-resting type, w'hile those of 
appendu'ulatus retjuiro a considerable period of after-rip<uiing prior 
to germination. At^cia of I vignae have been producetl in the field in 
August from teliosjxnes produced during the same season, and also in 
the greenhouse on several occasions during fall, winter and spring from 
teliospore inoculation. This occurn^d in tw^o sepaiatc trials in Septem- 
ber, 1921, wdt.h teliospores taken from the field and again in NovcmlxT, 
1922. Teliospores taken from th(^ field NovemlxT 24, 1922, showed 
germination on lliis date but none were vialile in later tests. A culture 
carried through the winter of 1919 in the greenhouse produced aecia in 
the spring from teliospore inoculation. The rust had gone through 
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several uredinial generations in the greenhouse and the teliospores used, 
as inoculum had been produced but a short time previously. 

In contrast with this behavior of the cowpea rust the bean rust during 
seven years of experimental study in both greenhouse and field has never 
produced aecia. The writer has watched for the initial appearance of 
bean rust in gardens in spring and early summer and invariably uredinia 
only have been observed, followed later in the season by telia, Telio- 
sporos at the time of maturity have been used as inoculum without 
results. No systematic attempt at the overwintering of teliospores has 
been made and evidence in regard to their germination is lacking. Such 
evidence as may be gained from a study of herbarium material indicates 
that aecia of bean rust arc rare in the United States and it seems probable 
that the teliospores do not function as a rule in the overwintering of 
the fungus. Specimens of bean rust in the Arthur herbarium and in 
that of the U. S. Department of Agriculture have been examined, and 
although a great many collections from North America are present only 
one shows aecia; this is on P, vulgaris from LaOosse, Wisconsin, July 25, 
1908. A collection by Underwood on Phaseolus sp, from Jamaica, Sep- 
tember 2“10, 1906, also shows aecia but the identity of the host is some- 
what doubtful. Several European collections which show aecia have 
been seen by the writer but they are said by Fisher (1. c.) to occur but 
rarely in Europe. I know of but one additional collection from North 
America on Phaseolus which shows aecia. This material which is of a 
pole bean (P. vulgaris) was sent me from a garden at Blacksburg, Virginia, 
on July 8, 1916. I did not know at the time that aecial production in 
the bean rust was unusual and did not visit the garden to study the case. 

So far as I am aware no one has carried the bean rust through its 
complete cycle or developed aecia from teliospore infection except 
possibly deBary^ who, however, gives no details of his work with this 
species. He states that he obtained the same results with the ruSt of 
beans as with Uromyces f abac for which he describes cultures establishing 
the relation between the three spore forms. There seems no question 
as to the autoecism of the bean rust but the fact has not been established 
on as definite a basis as is desirable. 

StJMMABY 

The rust of cowpea^ which has commpnly been considered identicid 
with the rust of beans, Uromyces appendiculaim, is presented as a clearly 

^ deBaiy, A. Recherches sur h developmnt da quelques champignons parasites. 
An. Sci. Nat. Bot. IV. ao. 1863. 
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defixiod spocies and is assigned to Vrotnycea vignae as described by Barclay 
from Vigna vexillaia, A new description of the species is given. Marked 
distmgtiishing features between the two species are found in the grouping 
of the aecia, the location of urediniospore germpores, and in the ger- 
mination of the teliospores. The teliospore of [/. vignae is of the non- 
resting type while that of U, appendiculatus is of the resting type. 

Occurrence of U, vignae, from a study of herbarium material, is 
recorded on four species of Vigna, one of Dolichos and one of Phaseolus. 

Infection studies with a strain of the rust obtained from the Blackeye 
variety of cowpea show it to be closely restricted in its host range. It 
has infected only a few varieties or strains of the Blackeye type. The 
great majority of cowpea varieties grown in the United States are 
immune or highly resistant. No infection has been obtained on hyacinth 
bean or asparagus bean which are hosts according to the taxonomic 
treatment. This failure may be due to lack of the proper variety or 
strain of these hosts for testing or it may be that there is more than one 
biologic strain of the rust, 

Uromyces vignae has produced aecia under field conditions in August 
and during fall, winter and spring in the greenhouse from newly matured 
teliospores. It is the only full-cycled, autoecious rust known to the 
writer which completes its full ej’^cle under greenhouse conditions. 

Explanation of Plate I 

Fi<!. 1. Urediniospores of Uromyces vigrme from Blackeye cowpea. The pores are 
desiRTiated by arrows and arc supcrcquatorial. Approximately 900 X. 

Fig. 2. Urediniosixires of U. appendiculatus from Tennessee Green Pod bean. The 
pores, designated by arrows, arc equatorial. Approximately 900 X. 

l^G. 3. Uredinia of U. vignae on a leaf of Blackeye cowpea. About IH X. 

Fig. 4. Aecia of U, appendicidatus from Phaseolus vulgaris showing “kreuz formige'' 
grouping. The group contains 4 aecia. About 30 X. 

Fig. 5. Aecia of U. appendictUatus from P. vulgaris showing rosette grouping. The 
group contains 7 aecia. About 30 X* 

Fig. 6. Aecia of U. tdffnae on a leaf of Blackeye cowpea showing annulate grouping. 
About 5 X . 

Fig. 7. ITrediniosiwre of 17. appendicylalus showing the germ-tube issuing from an 
equatorial pore. Approximately 600 X* 



CURLY LEAF TRANSMISSION EXPERIMENTS 

Henry H. P. Severin 
With One Figure in the Text 

DIllECT INOCULATION WITH .UTICE FROM CURLY LEAF BEETS IN WHICH 
THE DISEASE HAD BEEN PRODUCED BY THE BEET LEAFHOPPER 

(eutettix tenella baker) 

Smith and Boncquct (4) failed to produce curly leaf by artificial 
inoculation with the juice of diseased beets, the liquid being atomized 
‘'upon uninjured surfaces, through large and small wounds in the leaves, 
petioles and roots, and by inserting the material into various parts of the 
plant ill capillary glass tubes which were broken off and allowed to re- 
main in the tissue.’^ These inoculations were made at various degrees 
of temperature and humidity, but all without effect. 

During the past five years mostly failures have been recorded in 
our endeavor to cause curly leaf by inoculating the petioles of healthy 
beets at some distance from the crown with juice from blighted beets in 
which the disease had been produced by the beet leafhopper (Evtettix 
tenella Baker). The exudation from the leaves of curly leaf beets in the 
field, such as the clear viscid liquid which later l>(H*onies black and sticky 
and upon drying forms a brown crust, when inoculated in all stages into 
the petioles of healthy beets failed to produce curly leaf. 

In 1921 occurred the first, typical case of curly leaf I’aused by inocula- 
tion. Juice was pressed from the two iniHT leaves of a beet showing 
an early stage of the disease, — namely, 1h(‘ transparent ladwork of 
minute veins. The cleared veinlets were evident on September 9, and the 
juice was pressed from the ])oel on September 14, or five days later. A 
cooled flamed needle was forced about an inch into the crown of a healthy 
bf^et between the bases of the petioles and dro))l(*ts of juiee wei*e placed 
in this wound by means of a sterilized pipette. The inoculated beet 
showed the first visi])l(* symptom of curly leaf on October 20, or 30 days 
after inoculation. Six other beets inoculatiHl with the juice from three 
diseased laH'ts failed to di^velop the disease. 

Mr. (b C. E})ling in his thc^sis work carried on under the direction of 
the writer, (conducted daily inoculations with tlie juice from sugar b(‘ets 
upon which inh^ctivc beet leafhopiiers had fed from 1 to 8 days or until 
the first visible symj^tom of curly leaf ajipeared. A single case of curly 
leaf wasprudufu'd in one of the inoculated beets in which the juice was 
pressed from the youngest or innermost leaf of an infected beet into, an 
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incision in the petiole of a healthy beet. Thirty infective^ beet leafhoppers 
had fed on the infected beet for a period of five days and the cleared 
veinlets of curly leaf appeared at the end of eleven days. The first 
visible symptom of th(» disease in the inoculated beet developed at the 
end of seven days. 

During 1923, nine typical cases of curly leaf were iiroduced in beets 
about an inchin diameter by inoculating with juice from b(*et seedlings in 
an advanced stage of the disease, — namely, that characterized by nipple- 
like papillae and knot -like swellings on the distorted veins. The juice 
was first extracted from the leaves showing (airly leaf symptoms and 
later from the beet root ])y means of a i)orc(dain press. The juice was 
sucked up into dropping pipett(\s, these having a bulb in the center which 
prevented the liciuid from entering the rubber bulb. A flamed needle 
after cooling was forced from 1 to 1 } 2 inch(‘s into t he crown of the healt hy 
beet between the V)ases (^f the petioles. Several punctures were made 
in each beet but too many wounds will (‘ause tlu' outer leaves to die. 
A drop of beet juicx' was put over (nich hole and the needle was forced 
up and down in the wound. When the drop of beet juice disappeared 
ano'ther drop ^vas put over tlie hole in the crown. During May, June 
and July, 02 hc'althy Ix'cts were inoculated with juice pressed ficni the 
lea\TS of curly h‘af Ix'cts and 2<S healthy 1 (‘(ds were inoculated with the 
juic(‘ (‘xtracted from tin* roots of dis(‘ased b(‘('t sc'edlings. During the 
three months, hc'althy beets used as che(‘ks or controls were punctured 
in the crown with a cooled flamed needle. Thr(‘e other lots of healthy 
Ixx'ts were itioculafed with juice pr(\ssed from healthy beet seedlin^.’s. 
All (‘he(*ks or control b(M‘ts n'liiaiiHHl luxilthy. 

The pewiod from tin' date of inoculation until the earliest viMble 
symptom of (‘urly leaf apiK*ared \^as as follows: 12, 12, 24, 25, 29 and 
39 days n^spectivcJy in six heeds inoculated with tliC' juice pn'ssed from 
discaised b(*et l(‘av(\s; IS, 20 and 24 days respectively in three 1 cets ino- 
culated with the juic(* extract(*d from the roots of curly leaf l)eets. 

Non-inf(‘ctive bead leafhoppers, allowed to feed on the inoculated 
beets aft(T curly l(\af d(‘veloped, transmitted the disease to healthy beet 
seedlings. Tliirty-one lots of 20 non-infective beet leafhoppers enclosed 
in cage^s weie allowed to feed on the nine inoculated diseased beets for 
a period varying from 2 to 7 days. Tlum each batch of 20 insects was 
transferna] to a Inadthy beet seedling. The 31 bc’ct sccdlirgs d('vel()pcd 
the first visible symptom of curly leaf in from 2 to 13 days. On the other 
hand, non-infective beet leafhoppers, when allowed to bed on inoculated 
beets which did not develop curly h^af symptoms, faihal to transmit th(‘ 
disease to healthy beet seedlings. 
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CAUSATIVE AGENT OF CURLY’' LEAF DISTRIBUTED IN ENTIRE BEET 

Foliage , — The infective principle of curly leaf is generally distributed 
in the foliage and beet root. The evidence for this was obtained by feed- 
ing non-iiifective beet leafhoppers on various parts of the diseased beet 
and then transferring them to healtiiy beets. After a beet developed 
faint indications of transparent venation on a portion of the youngest 
leaf, non-inf eetive adults were fed on the three outer leaves showing no 
visible sign of the disease. On each of the three days following 26 adults 
were transferred from the outer leaves of the infected beet to a healthy 
beet. The three l)eets used d(‘veloped curly leaf . This experiment was 
repeated three times. In one case the first two beets remained healthy 
but the third showed the symptoms of the disease. 

Hairy rootlets . — The causative agent of curly leaf was transmitted 
to healthy beets by non-infective beet leafhoppers which had fed on the 
hairy rootlets of diseased sugar beets. Badly blighted sugar beets ob- 
tained from the San Joaquin Valley were planb^d and after a new growth 
of hairy rootlets developed, these rootlets were removed and dropped on 
moist filter paper in a glass jar or caused to adhere to the sides of the jar. 
Thirty non-infective adults were confined in the jar, a fresh supply of 
the rootlets being added each day. Ten adults were removed daily and 
transfe^rred to a healthy beet. The three healthy beets on which these 
insects had fed devfdojied the disease. 

Roots , — In similar experiments it was found that, the disease-produ(‘ing 
factor of curly leaf was transmitted to healthy beets by non-infective 
beet l(»afhopp(Ts which had fed on the main roots and tap root of a dis- 
eased beet with the hairy rootlets removed. 

Beet root . — The disease was also communicated to healthy beets when 
the non-infective hoppers had fed on the beet root with the main roots 
and hairy rootlets removed. 

CURLY LEAF NOT TRANSMITTED FROM BEET TO BEET 

The question has been asked frequently whether the soil is contami- 
nated with curly leaf by the plowing under of badly blighted sugar beets. 
Fields of diseased beets are often plowed under during the spring and 
summer and beets planted on the same soil during the winter or following 
spring. 

An experiment was conducted in the San Joaquin Valley to determine 
whether healthy beets could become infected with curly leaf as a result of 
the root system coming in contact with blighted sugar beets. A layer of 
badly diseased sugar beets were buried in the soil at the same depth at 
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which the laud was plowed. The beets were inverted so that Ihe lops 
rested 12 inches below the surface of the soil and the beet rootvs projected 
upward, thus preventing growth. The surface of the soil covering the 
buried beets was enclosed with a cage. Beet seeds were planted on March 
8. On October 9, all beets were in a healthy condition in the cage. 

Healthy beets failed to develop curly leaf at the end of six months 
when transplanted in flower pots so that the root system came in contact 
with the following ]>arts of blighted beets: chopped leaves showing 
transparent venation only and others with the protuberances on the 
lower surface of the leaves; (‘lusters of blighted bud leaves; chopped and 
8li(‘ed Ixiet roots; and a combination of chopped leaves and beet roots. 
Two series of experiments were performed by planting European and 
American grown seeds, the latter obtauied from blighted stechlings 
and mother beets. Not a single case of curly leaf developed. 

In the last experiment the long tap roots of 16 healthy beet seedlings 
were twisted around the tap roots of 16 blighted beets. The former 
remained healt hy during the period of three months that the experiment 
was continued. This experiment was first performed by Professor R. 
E. v^mith with similar results. 

RATFi OF MOVKMKNT OF CAUSATIVE AGENT OF CURLY LEAF IN PETIOLE 

An experiment was conducted to determine the shortest time required 
for the infective priiK'iple of curly leaf to traved the length of a beet leaf 
petiole to the beet root. A potted sugar Ix'et was placed in a cage with 
the blade of an outer leaf projecting into a se(*ond cage. In the second 
cage were 50 infective males w^hich had undergone a fast of hours. 
These could feed on the blade of the out(‘r leaf but not on its petiole. 
In the narrow space betwcxui the two (*ag(\s, the petiole was covered with 
cotton. At the end of the desired time, the petiole was cut oil at the 
crowm of the beet. The shortest time for the movement of the infective 
agent was one-half hour at a mean temperature of 103.5° F. through a 
petiole seven inches long. In a similar experiment, except that 25 in- 
fective males wer(‘ used the pathogenic* factor travelled 8^' inches in 
one-half hour at a mean temperature of 102° F. Ten beets failed to 
develo]) curly leaf symptoms. 

In another experiment using 25 infective males, the movement of the 
causative agent of curly leaf in the r^'liole at the end of one hour was 
as follows: 

Petioles 4^4 and 5}4 inches long. Mean temperature 100.5° F. 

Petioles of two beets inches long. Mean temperature 94° F. 
Five beets failed to develop the disease. 
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Forty-two trials reducing the time to 15, 10 and 5 minutes gave nega- 
tive results. The numl)er of infeedive leaf hoppers was increased, using 
from 100 to 500 insects. To insure feeding of as many as possible of the 
hoppers in such a short exposure of the leaf, the cages were covered with 
black sateen excej)! on one side through whi(*h the light entered the cage. 
The blade projeided in the cage toward the side througli which the light 
entered, and large numbers of adults were induced to congregate on the 
blade. 

CICELY LEAF TRANSMISSION FROM INFECTIVE TO NON-INFECTIVE BEET 
LEAFHOPPERS ON VARIOUS LEAVES OF SUGAR BEET 

In the first series of experiments an attempt was made to determine 
how soon the causative agent of curly leaf was transmitted from in- 
feidive lieet h^afhoppers f(*eding on the outer or oldest leaves to non- 
infective hoppers on the inner or youngest leaves of a sugar be(‘t. The 
outer leaves of a beet were projected into two cages, each containing 75 
infective adults, while the inner leaves were enclowsed in a third cage 
containing 150 non-infective males. The petioles of the outer leaves 
were (‘iiclosed in paraffine paper and were (‘overed with sand and cotton 
at the (Towui of the beet. Twenty adults wvre removed daily for si'ven 
days from the cage enclosing the youngest leaves and weri^ transfewMl 
to vseven succ(\ssive healthy beets. The disease was transmitt(*d from 
infective adults feeding on the ouIit leaves to non-infective s]HM‘iinens 
on the inner l(*av(‘s at tlie end of six days at a mean temperatun^ of 
87. 7*' F, Th(‘ sovcntl) ])ect also developed curly leaf symptoms. I'he 
original beet ex])oscd to the influence of both infective and non-infectivi^ 
adults show’^(‘d the transparent venation of curl}^ leaf at the (aid of nine 
days. 

In a similar exporimtait the dis<'a.se W’as transmitti'd from infective 
adults feeding on the outer leaves to non-infective hopjxTs on the inner 
leaf at the (aid of 10 days at a mean temperature of 80.1 ® F. "^^Ihe original 
beet showed the first visit)l(‘ sym])tom of curly leaf at the end of nine 
days. 

Negativ(‘ n^sults were olitained at the end of 8, 10 and JO days when 
the feeding of the Itaifhoj^pers wais reversed; i. e., when the infective 
adults w(a'(^ hal on tlu* youngest halves and the non-infective insects on 
the oldest leav(\s. The original 1 eets had from 10 to 14 heaves. 

A different nuithod wais used in determining curly leaf transmission 
from infective to non-infective beet leafhopp(^rs on the outer and inner 
haiv(*s of small labels, owing to the fact that the feeding of a large number 
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of hoppers killed the seedlirip^s. A small leaf-cage containing six in- 
fective males was fastened to one of the first two outer heaves (Fig. 1) 
and another leaf-cage enclosing six non-infeetive males wa^^ altacdicd to 
one of tlie inner or youngest leaves (P"ig. 1) of a potted secnlling having 
usually four true leaves. The land, was enclosed in a (*ag('. This experi- 
ment was repeated 84 times. At the end of 1 to 4 days, the h^af-cage 
confining the six infected adults was removed, the specimens taking no 
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Fi(}. 1. Small leaf cages used for a|^hid experiments. 

further pan in the expcTiraeut. The leaf-eage eontaining the six non- 
infeetive males was removed at the end of 1 to 4 days and liberated in 
a cage enclosing a healthy beet. The disease was transmitted from in- 
fective males on the outer leaf to aoii-infect ive males on the inner leaf 
at the end of four days in 5 of 12 beets to which the males had been trans- 
ferred. The temperature of the four days was as follows: maximum 
107® F.; minimum 66° F.; and mean 79.8° F. Negative results were ob- 
tained at the end of 1 to 3 days with 72 beets. 

Infective beet leaf hoppers were allowed to feed on the inner or young- 
est leaf of the beet seedling while at the same time non-infective males 
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fed on one of the first two outer leaves. The non-infective males became 
infective at the end of two days, as was proved by transferring them to 
a healthy beet. The temperature of the two days was as follows; maxi- 
mum 104 F.; minimum 50° F.; and mean 81.2° F. 

The infective princi])le of curly leaf was transmitted from infective 
beet leafhoppers feeding on one of the first two outer leaves to non- 
infective males feeding on the opposite outer leaf at the end of two days 
at the following temperatures: maximum 108° F.; minimum 65° F.; 
and mean 81° F. 

Two days were also required for the causative agent of curly leaf to 
be transmitted from infective adults feeding on a cotyledon to non- 
infective males feeding on an inner leaf and in a second experiment, 
from a cotyledon to one of the first two outer leaves. The temperatures 
of the two days in these experiments respectively was as follows: maxi- 
mum 107° F., 102° F.; minimum 65° F., 60° F.; and mean 83.3° F., 
79° F. 

The period of two days required in most of the curly leaf transmission 
experiments from infective to non-infective beet leafhopi)ers feeding on 
various leaves of a sugar beet corresponds to the minimum incubation 
period of the infective principle in beet seedlings with 4 to (> leave.s in- 
cluding the two cotyledons. The cleared veinlefs of curly leaf sometimes 
appear on the youngest leaf of beet seedlings at the end of two days. 
Beet leafhoppers, however, do not always l)ecome infective by feeding 
on beets showing this early symptom of the disea.se. This was demon- 
strated by cutting off the apparently healthy leaves which showed no 
visible symptom of curly leaf and allowing non-infective males to feed 
only on the leaf showing the transparent network of minute veins, and 
then transferring them to a healthy beet. 

BEET LEAFHOPPEIi INFECTIVE DURING ALL NYMPHAL STAGES 

The beet leafhopper is capable of transmitting curly leaf during all 
nymphal stages. Twelve nymphs after hatching w^ere fed upon a curly 
leaf beet during one day and then transferred to a healthy beet, which 
showed curly leaf symptoms nine days later. After each molt a different 
lot of 12 nymphs were fed for one day on blighted beets and they then 
transmitted the disease to healthy beets. During the process of the last 
molt, three non-infective adults were transferred to curly leaf b(‘ets for 
one day and the next day were confined in three cages, each enclosing a 
healthy beet. The three beets developed curly leaf. 

According to Shaw (2) nymphs produce the symptoms of curly leaf 
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much more rapidly than do the adult insects, hence the nymphs are more 
virulent. There is such a wide variability as to the duration of the devel- 
opmental period of curly leaf symptoms in beets of the same age, under 
the same conditions of temperature, humidity and sunshine, and infected 
by the same number of nymphs and adults, that we are hardly justified 
in stating that nymphs are more virulent than adults on the rate of curly 
leaf development. 

An attempt was made to put to an experimental test Shaw 's view that 
nymphs are more virulent than adults. A nymph upon hatching and a 
non-infective male after the last molt were confined in a cage enclosing 
a curly leaf beet upon which both fed for one day. The next day the 
nymph and male were put in separate cages. Kach nymph and male 
was supplied with a healthy beet daily until the nymphs acquired the 
winged stage when the ex])eriment was discontinued. The same experi- 
ment was repeated six times. The results are indicated in table 1. 


TABLE 1 — Vomparuon of number of curly leaf beets produced by nymphal iuslars and 

juales ‘infective after last molt 


Number of 

Number of | 

Percentage 

beets fed 

cui’ly leaf | 

of curly 

upon 1 day 

beets caused j 

leaf beets 

by each 

by each 

caused by 

nymph 

nymph 

each nymph 

33 

4 

12.1 

34 

2 

5.8 

34 

6 

17. G 

37 

G 

16.2 

37 

7 

18.6 

38 

9 

23.6 

213 

34 

15 9 


Number of 
beets fed 
upon 1 day 
by each 
male 

Number of 
curly leaf 
beets caused 
by each 
male 

Percentage 
of curly 
leaf beets 
caused by 
each male 

33 

0 

0.0 

34 

10 

29.4 

34 

1 

2.7 

37 

6 

16,2 

37 

9 

24.3 

38 

13 

34.2 

213 

39 

18.3 


There is no evidence from table 1 to show that nymphs are more 
virulent than adults. It is evident that the nymphs do not lose their 
infectivity during the process of molting. 

BEET LEAFH OFFER INFECTIVE DURING ENTIRE ADULT LIFE 

Bonequet and Stahl (1) assert tliat the ability of the beet leafhopper 
to transmit curly leaf was lost in from 15 to 35 days if the insects were- 
transferred daily to healthy beets. 
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An experiment somewhat similar to the one which Bonequet and Stahl 
(1) had performed was conducted. Eight infective first brood males 
which had completed all of the nymphal stages on a blighted beet, 
acquired the winged stage on April 19, and were confined singly in eight 
cages on this date. A healthy beet seedling with from 4 to 6 leaves was 
placed in each cage daily until the males died. Males were used instead 
of females to avoid egg deposition, since the beets were kept in insect- 
proof compartments until the symptoms of curly leaf developed. The 
following data concerning the largest and smallest number of blighted 
beets produced by two males are given rather than of the entire eight 
si>ecimens. The maximum and minimum temperatures follow after 
each date on which the male transmitted curly leaf. 

April 19/ 22, 109°, 50° F.; 20, 104°, 55° F.; 22, 100°, 56° F.; 25, 72°, 
53° F.; 26, 107°, 52° F.; 27, 104°, 50° F.; 28, 106°, 50° F.; 29, 102°, 54° F.; 
May 2, 114°, 55° F.; 4, 102°, 58° F.; G, 100°, 50° F.; 8, 100°, 45° F.; 9, 
93°, 45° F.; 12, 104°, 52° F.; 13, 106°, 56° F.;17,82°, 55° F.; 18, 74°, 
56° F.; 19, 74°, .54° F.; 20, 98°, 49° F.; 24, 1 12°, 50° F.; 25, 106°, 53° F.; 
27, 110°, 59° F.; 28, 104°, 58° F.; 29, 104°, .58° F.; 30, 110°, 58° F.; June 2, 
111°, 54° F.; 4. 112°, 60° F.; 5, 108°, 60° F.; 6, 104°, 64° F.; 7. 100°, 62° 
F.; 11, 92°, 59° F.; 15, 103°, 56° F.; 16, 104°, 57° F.; 18, 119°, 61° F.; 
21, 120°, 57° F.; 23, 106°, 60° F.; 24, 110°, 60° F.; 28, 93°, 62° F.; July 4, 
95°, 64° F.; 6, 88°, 62° F.; 13. 104°, 62° F.; 14, 104°, .58° F.; 15, 104°, 
60° F.; 16, 92°, 62° F.; 27, 114°, 60° F.; 28, 96°, 58° F.; 29, 96°, 60° F.; 
31, 112°, 60° F.; August 1, 87°, 58° F. Died August 3. Total 107 1 eets, 
49 curly leaf beets or 45.7 per cent. 

April 19/22, 109°, .50° F.; 20, 104°, 5.5° F.; 22, 100°, 56° F.; 28, 106°, 
50° F.; May 2, 114°, 5.5° F.; 4, 102°, 58° F.; 22, 116°, 52° F.; 23, 103°, 
51° F.; 28, 104°, 58° F.; June 20, 104°, 59° F.; 22, 110°, 58° F.; July 13. 
104°, 62° F.; 14, 104°, 58° F.; 25, 110°, 56° F. Died August 1. Total 
105 beets, 14 curly leaf beets or 13.3 per cent. 

It is evident from the above figures that the males transmitted curly 
leaf at irregular intervals and under a wide range of temperature. 

There is a marked variability as to the number of times a male, during 
its adult life, can transmit curly leaf when provided with a healthy beet 
daily as indicated in table 2. Temperature, humidity and sunshine were 
identical for the eight males used in this experiment. 

The males usually transmitted curly leaf to fewer beets toward the 
end of their natural life. The interval between the last beet infected 
with the disease by each hopper and the death of the insect was in most 
cases less than the longest period elapsing between the infection of two 
successive beets as is shown in table 2. 



1924] 


Sevekin: Cuhly Leaf Transmission 


89 


TABLE 2 — Data on infectinity of beet leaf hopper during adult life. 


Number of 

Number of 

Percentage 

Longest period 

[ Period betw een 

beets fed 

curly leaf 

of curly 

between two 

i last curly leaf 

upon 1 day 

beets caused 

leaf beets 

curly leaf 

infection and 

by each 

by each 

caused by 

infections 

death of male 

male 

male 

each male 

(days) 

(days) 

116 

25 

21 5 

13 

15 

108 

24 

22 2 

15 

5 

107 

49 

45 7 

13 

2 

105 

14 

13.3 

21 

7 

86 

14 

16.2 

19 

19 

82 

36 

43 9 

6 

7 

64 

15 

23.4 

15 

10 

27 

15 

55 5 

14 

5 

695 

192 

27.6 

14 5 

8 7 


A comparative study was made of the number of curly leaf beets caused 
by each infective beet leafhopper w'hich was provided with a healthy 
beet daily with the following experiments: (1) each infective male was 
allowed to feed alternating daily on a healthy and a diseased beet; (2) 
each infective male was supplied with a healthy beet at the end of every 
second day. Second brood males were employed which had fed during 


TABLE 3 — Comparison of number of curly leaf beets caused by infective male beet leaf-’ 
hopper feeding on successive beets daily^ for two days and alternating daily 
on heMtliy and curly leaf beets. 


Four infective males each 
provided w ith healthy 

beets daily j 

1 Four infective males 
each allowed to fewl 
tw o days on each 
healthy beet 

Three infective males each 
allow ed to feed alternat- 
ing daily on healthy 
and diseased beets 

Healthy 

beets 

Curly leaf 
beets 

1 

Healthy 

beets 

Curly leaf 
beets 

Healthy 

beets 

Curly leaf 
beets 

1 

No. 

No. % 

No. 

No. 

% 

No. 

No. % 

86 

28 32.5 

64 

14 

21.8 

21 

7 33.3 

66 

23 34.8 

40 

14 

35.0 

18 

7 38.8 

55 

24 43.6 

30 

16 

53.3 

15 

5 33 3 

52 

18 34.6 

21 

4 

19.0 



. 



— 

— 

— 

— 

— 

259 

93 35.9 

155 

48 

Euaa 

54 

19 35.1 
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all of the nymphal stages on blighted beets and passed throngh the last 
molt on June 1 to 2. Beet seedlings with 4 to 6 leaves were used. The 
results are indicated in table 3. 

A glance at table 3 shows no marked differences in the average per- 
centages in the first and third experiments. 

In the next experiment 1, 2, 3, 4 and 5 infective males which had 
completed all of the nymphal stages on a blighted beet were confined 
in five cages in the greenhouse. A healthy beet was placed in each cage 
daily. When a leafhopper died, another wae put into the cage, except 
the one containing a single specimen. The experiment extended over a 
period of 54 days from November 1 to December 24, 1920, and was 
discontinued when the single male died. The results follow: 

One infective male transmitted curly leaf to 3 beets or 6.5 per cent 
in 54 days. 

Two infective males transmitted curly leaf to 10 beets or 18.6 per 
cent in 54 days. 

Three infective males transmitted curly leaf to 31 beets or 57.4 per 
cent in 54 days. 

Four infective males transmitted curly leaf to 28 beets or 61.8 per 
cent in 54 days. 

Five infective males transmitted curly leaf to 28 beets or 51.8 per 
cent in 54 days. 

Mean maximum 78.9® F., mean minimum 61.7® F., mean 70.3® F., 
temperatures. 

Two similar experiments were performed except that when a leaf- 
hopper died, another male was not put in the cage as in the preceding 
experiment. The first of these two experiments extended over a period 
of 134 days from April 1 to August 12; the second over a period of 114 
days from April 15 to August 7, and both were discontinued when the 
last male died. The results are indicated in table 4. 

An examination of Table 4 shows that a higher average percentage 
of curly leaf was transmitted by the males in the first experiment (33.6 
per cent) than in the second experiment (21.6 per cent). When the num- 
ber of Icafhoppers was reduced to one, there were periods of 8, 20, 47 
and 56 days in which no curly leaf was produced. 

CONTAMINATION OP MOUTH-PARTB WITH BACILLUS MORULANS 

Smith and Boncquet (3), Townsend (5) and Brown have found lesions 
or pockets containing bacteria in sugar beets affected with curly leaf 
but inoculations with pure cultures of these bacteria failed to produce 
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TABLE 4 — Number and percentages of curly leaf beets reused by 1 to o infective male beet 
leafhoppers provided with a healthy beet daily in tieo ex}wriment8. 


Dates 

1921 

No. 

of 

cf cT 

No. 

of 

beets 

No. of 
curly 
leaf 
beets 

Percentage 
of curly 
leaf beeljs 

Dates 

1921 

No. 

of 

d'd' 

^ No. 
of 

beetjs 

No. of 
curly 
leaf 
beets 

Per(*entage 
of curly 
leaf beets 

4/l'-6/12 

1 

73 

16 

21.9 

4/15-7/1 

1 

78 

5 

6.4 

4/1-17 

2 

17 

9 

52.9 

4/15-29 

2 

15 

9 

1 

60.0 

4/18-'22 

1 

5 

2 

4.0 

4/30-6/28 

1 

! m 

4 

1 

6.6 



22 

11 

50 0 



75 

13 

17.3 

4/1-4 

3 

4 

3 

75.0 

4/1S-.V16 

3 

32 

12 

37 5 

4/5-5/2 

2 

28 

11 

39.2 

5/17-6/21 

2 

36 

5 

13 8 

.5/3-«/5 

1 

34 

3 

8.8 

6/22-8/7 

1 

47 

0 1 

00.0 



66 

17 

25 7 



115 

17 

14.7 

4/1-6/31 

4 

61 

42 

68 8 

4/15-5/20 

4 

36 

20 1 

55.5 

6/1-15 

3 

15 

4 

26 6 






6/16-0/17 

2 

2 

0 

00 0 

5/21-31 

2 

11 

2 

18.1 

6/18-8/12 

1 

56 ! 

0 

00 0 

6/1-7/8 

1 

38 

4 

10.5 



134 

46 

34 3 



85 

26 

30 5 

4/1-7 

5 

7 

7 

100 0 

4/15-22 

5 

8 

8 

100.0 

4/8-17 

4 

10 

8 

80 0 

4/23-5/25 

4 

33 

17 

51.5 

4/18-5/26 

3 

39 

17 

43,5 

5/26-31 

3 

6 

2 

3.3 

5/27-6/14 

2 

19 

5 

2.6 

6/1-24 

2 

24 

8 

3.3 

6/15-22 

1 

8 

0 

0 0 

6/25-7/14 

1 

20 

0 

0.0 



83 

37 

44.5 
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the disease. To determine whether the beet Icafhopper increases the 
virulence of Bdcillus morulans as suggested by Smith and Bonequet (3) 
the mouth-parts were contaminated with this bacterium. The bacteria 
were rubbed on the mouth-parts of torpid non-infective hoppers with 
sterilized camel ’s hair brushes. The adults were put info a torpid condi- 
tion by chilling them in a phial embedded in chipped ice. The insects 
had been previously fasted for a period of 6 to 8 hours with the hope 
that they would feed and inject the bacteria with the saliva into the 
beet foliage shortly after overcoming their numbness. This experiment 
was repeated with 141 adults, but not a single case of curly leaf developed. 

Non-infective beet leafhoppers were allowed to feed on beet seedlings 
with a portion of a leaf covered with B. movulanS)^ so that in making the 

‘ Miss E. H. Smith prepared the cultures of B. morulans which were determined 
by Professor B. E. Smith, Department of Plant Pathology, University of California. 
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feeding puncture it was presumed that the mouth-parts would become 
contaminated and some of the ])aeteria would be injected into the leaf. 
The hoppers, which had been fasted from 6 to 8 hours, were confined in 
small leaf-cages (Fig. 1) enclosing the bacteria. This experiment was 
conducted with 190 nymphs and 22 adults, using 61 beet seedlings but 
no curly leaf developed. 


SUMMARY 

Juice pressed from the leaves and roots of curly leaf beets when ino- 
culated into the crown of healthy beets caused typical curly leaf symptom 
in nine of one hundred beets. The period from the date of inocula- 
tion until the earliest visible symptom of curly leaf developed varied 
from 12 to 39 days. Non-infective beet leafhoppers, when allowed to 
feed on the inoculated beets after (‘urly leaf developed, transmitted the 
disease to healthy beets, the earliest symptom appeared in from 2 to 13 
days. 

The causative agent of curly leaf is generally distributed in the foliage 
and beet root. 

Field and laboratory experiments demonstrate, beyond any question 
of doubt, that curly leaf is not transmitted through the soil or from beet 
to beet. 

The shortest time required for the infective principle of curly leaf to 
travel through a beet petiole seven inches long was one-half hour at a 
mean temperature of 103.5° F, 

Four^ days were required for the pathogenic factor to be transmitted 
from infective adults feeding on one of the first two outer leaves to non- 
infective males feeding on the inner or youngest leaf of a beet seedling, 
as was proved by transferring the latter to a healthy beet. Two days 
were required for the inciting agent of curly leaf to be transmitted from 
infective leafhoppers feeding on the inner leaf to non-infective males on 
the outer leaf of a beet seedling, also from one of the first two outer 
leaves to the opposite outer leaf and from one cotyledon to the inner 
leaf and from one cotyledon to one of the first pair of outer leaves. 

Infective beet leafhoppers retained their infectivity during all of the 
nymphal stages, after each molt, and during the entire adult life. 

Non-infective beet leafhoppers which had been fasted and then the 
mouth-parts contaminated with Bacillus morulans isolated from curly 

' Since sending this manuscript to the editor, the period of four days has been reduced 
to two days in 1 of 24 experiments. The temperatures of the two days was as follows: 
maximum 105° F.; minimum 58° F.; and mean 81° F. 
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leaf beets or when allowed to puncture the bacteria into the tissue, 
rubbed on a portion of a beet leaf, failed to transmit the disease. 
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NOTES ON THE CLIMATIC CONDITIONS INFLUENCING 
THE 1923 EPIDEMIC OF STEM RUST ON WHEAT 
IN ILLINOIS 

L. R. T 1B3 H O N A N D P. A. Y O TT N O 
With One Figure in the Text 

Stem rust, caused by Puccinia graminis Pers., is prevalent in Illinois 
every season, hut seldom in quantities sufficient to influence seriously 
the wheat yield of the state. The importance of this disease in more 
northerly situated states has, however, led to extensive epidemiological 
studies on the origin and spread of northern and southern infections. 

The backward spring of 1923 with its attendant unusual weather 
provided conditions which appear to have been unusually suitable for 
the development of stem rust in Illinois. The development of the rust 
was kept under observation by the field workers of the Natural History 
Survey from the date of its first known appearance until the harvesting 
of the crop. Pertinent observations are presented here in connection 
with climatological data for the purpose of pointing out the influence of 
temperature and moisture in the development of an epidemic extending 
over a wide area. 

Stem rust was first seen on wheat, June 4, in a 20-acre field of Red 
Wave located in the northwest corner of Jackson County. A single 
culm was found infected. Rust pustules on this culm occupied 50 per 
cent of the possible maximum culm surface (by the scale of U. S. Office 
of Cereal Investigations). The infected culm was located well in from 
the edge of the field. 

On June 7 a few isolated groups of rusted culms were found in an 80- 
acre field of Fulcaster in Bond County. On these culms the rust pustules 
occupied 70 per cent of the possible maximum. A similar condition 
was seen June 12 in a 10-acre field of Fulz in Franklin County, and on 
June 14 two fields were seen, one in Hamilton and one in White County, 
where culms showed respectively 80 per cent and 100 per cent pustule 
involvement. 

It is typical of these early observations that only a very few culms in 
any one spot showed infection, and that these foci were located well 
within the field, were well isolated from each other, and showed uniformly 
high percentages of pustule involvement. All observable facts pointed 
to the conclusion that these were primary infections of recent develop- 
ment. 
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There is no definite information as to the source of the inoculum for 
these infections. In the case of the first observation, four shrubs of 
eommon barberry were located 6 rods from the field, but a careful 
examination revealed no aecia. It may be supposed that the inoculum 
was furnished by uredinia overwintering in the field or on grasses along 
the roads or fence lines. The possibility of uredospores blowing up 
from the southwest or of accidiospores traveling from the north is 
limited by the fact that the prevailing wind direction in this region during 
the month of May and during early June was easterly. 

Beginning June 16, dissemination of the rust from original foci of 
infection became apparent. On that date infection on all culms within 
a small area in each of three 10-acre fields of Fulz was observed in 
Randolph County. On June 18, thirteen fields in Monroe County 
including about 160 acres showed isolated spots of rust infection com- 
prising a number of plants and having areas of pustule involvement 
varying from 5 to 50 per cent, the lesser percentages apparently being 
infections produced by uredospores shed from the stalks showing higher 
degrees of pustule involvement. 

By June 22 the per cent of infected plants generally had become 
nearly 100, but the original foci of infection could still be definitely 
located. Six fields in Morgan County showed large spots of infection 
with pustule involvement on the edges of 5 per cent, and toward the 
center of 35 per cent. Another field showed a general infection with an 
average pustule involvement of 10 per cent but with occasional spots of 
70 per cent. On the 23rd in Adams County and on the 27th in Calhoun 
County similar conditions were seen. 

The foregoing examples typify the progress of rust development as 
seen in other localities. In general, it appears that small and isolated 
foci of severe rust infection developed as a result of the presence of 
infectious material whose source was not determinable. Invariably 
these foci were severe infections showing large percentages of pustule 
involvement. From these foci, by degrees, the infection of entire fields 
was accomplished, the secondary and succeeding infections being gradu- 
ally less severe and exliibiting correspondingly smaller percentages of 
pustule involvement. 

The lessened severity of secondary infections may be attributed in 
part to the increasing maturity of the wheat plants (Stakman, E. C. and 
F. J. Piemeisel Biologic forms of P'uccinia graminis on cereals and 
grasses. Jour, Agr. Res. 10: 431-432. 1917). 

Moisture as a factor in the development of primary infections is im- 
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portant and under field conditions the necessary presence of moisture is 
definitely related to precipitation. There is an apparent relation between 
periods of precipitation (U. S. Weather Bureau, Climatological data for 
Illinois) and the occurrence of the infections recorded above. 

For ten days previous to the finding of the first infection of the season 
in Jackson County, there had been rain in that district on all but one day. 
Obviously, the total amount of rain for the ten-day period is not im- 
portant, but the fact that measurable amounts were recorded on seven 
of the ten days and an observable amount on two other days is indicative 
of the existence of moisture conditions suitable for spore germination 
and host infection throughout practically the whole of that period. 

In the case of the primary infection in Bond County, during thirteen 
days previous rain had fallen on all but three days and for a period of 
nine consecutive days there had been an appreciable amount each day. 
These nine days were followed by three days of no rain and a fourth 
day of hard rain, none of which may be considered to have influenced 
the inception of the infection. Favorable moisture conditions in this 
and the previous case (Coincide rather definitely as to dates. 

Although the infections in Franklin, Hamilton and White Counties 
were found five and seven days later than the above their appearance 
characterizes them as similar to the first two found. No certainty as to 
the date infection took place obtains, but it is reasonable to point out 
that, during the period of precipitations noted in the first two counties, 
smaller quantities had fallen in the last three counties, over a shorter 
and generally earlier period. The seven days imme(liat(dy previous to 
the finding of the infection in Franklin (bunty had, however, been 
initiated with precipitations over three consecutive days sufficient in 
amount to provide favorable conditions for spore germination. 

When favorable moisture conditions obtain, there must exist at- the 
same time proper temperatures for spore germinations and host in- 
fection, A comparison of temperature (maximum and minimum) and 
precipitation previous to the date of the finding of the infections is given 
in the following tables and discussions. 

The first primary infection found (Jackson C.'ounty, June 4) affords the 
best opportunity for speculation as to the influence of climate on the 
inception and development of infection. The attendant weather con- 
ditions were as follows : 


Precipitation 

Temperatuie 


May 25 2G 27 28 29 30 31 

.08 .03 ,02 .08 .02 T 

74 74 82 87 86 87 88 

61 60 61 60 61 61 62 


June 12 3 4 

T .4 .02 
83 85 86 87 
64 65 63 63 
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The ten-day period of rain previous to the finding of this infection 
was initiated by two days of unusually low maximum temperature. On 
the third day there was an increase in maximum temperature of eight 
degrees and on the fourth of five more degrees. This high maximum 
temperature was maintained with fair constancy during the remaining 
seven days. During the entire period the minimum temperature was 
fairly constant. 

When the time necessary for development of infection is considered 
it is not likely that either the moisture or temperature during the last 
four days could have influenced infection. The first two days with 
their low temperatures were probably not conducive to spore germination. 
This leaves a period beginning May 27 and ending May 31 during which 
germination and infection could have taken place. The mean temper- 
ature on May 27 was 71.5^ or an increase of 4.5° ovt^r the mean tem- 
perature of the day prectKling. On the 28th the mean temperature of 
73.5° represents a further increase of 2°. The average mean temperature 
for the five days from May 27 to May 31 was 73.5° and the greatest 
departure of the mean on any one day })elow this average was 2° while 
the greatest departure above was 1 .5°. 

The climatological conditions attending a thirteen-day period previous 
to the finding of the second primary infection (Bond (bounty, June 7) 
coincide generally both as to points of time and conditions with those 
attending the first primary infection, as may bo observed from an in- 
spection of the following: 

May 25 26 27 28 21) 30 31 June 1 2 3 4 5 6 7 

Precipitation .13 .11 .10 .40 .17 16 .06 T 82 0 0 0 .71 0 

Temperature 73 74 76 72 77 SO 81 77 82 S3 84 80 81 

58 62 61 63 64 63 62 65 67 63 64 68 66 63 

There was, however, generally a greater amount of precipitation, and, 
from the fifth to the thirteenth day preceding, no day passed without 
some precipitation. The first five days were characterized by rather 
low maximum temperatures. On the sixth day the maximum tem- 
perature rose 3° and was maintained at this point or above on all but 
one of the succeeding days. The minimum temperature was fairly 
constant throughout the period, averaging 03.5°. The greatest departure 
above the minimum average was 3.5° and below 5.5°. The average 
departure above was 2° and below 1.6°. ^ 

On May 30 the mean temperature was 71.6°, showing an increase of 1° 
over the day previous and of 3.5° over the average mean temperature for 
the five preceding days. During the five days from May 30 to June 3 
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the average mean temperature was 72.3®. The greatest departure of 
the mean above on any one day was 2.2® and below 1.3®. 

A noteworthy coincidence is found in the fact that a mean temperature 
of 71.5® occurred in Bond County three days after it had occurred in 
Jackson County and that the first primary infection was found in Bond 
County three days after the first infection was found in Jackson County. 
Any wsignificance that may be attached to this coincidence of elapsed 
time must find its justification in the fact that men were examining 
wheat fields in these two regions for several days before stem rust in- 
fections were found. The coincidence of a mean temperature of 71,5® 
may be considered as indicating the probable optimum for infection 
under field conditions. 

The primary infection found in Franklin, Hamilton and White Counties 
must be considered in connection with the same climatological data since 
the point nearest to the infections where climatological data was recorded 
is at McLcansboro in Hamilton County. The consideration of these 
infections is further complicated by the fact that they were found in 
the first fields visited in those counties. The date of finding probably 
is not the date of first appearance. However, a consideration of the 
precipitation and temperature may serve to indicate when spore germi- 
nation and host infection might have taken place. The McLeansboro 
records are as follows: 


May 






25 

26 

27 

28 

29 

30 

31 

Precipitation 






.18 

.03 

.17 

.07 


.24 

.17 

Tenil>eraturc 






73 

75 

79 

81 

86 

84 

88 







64 

60 

62 

68 

61 

63 

63 

June 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Precipitation 





.03 

.41 

.04 



.70 

2.55 

.12 

Teini>erature 

85 

88 

90 

90 

90 

84 

87 

80 

75 

70 

79 

74 


64 

64 

62 

62 

65 

66 

64 

57 

56 

58 

66 

61 


Because of the uncertainty involved in the field observations as to the 
exact age of the rust pustules found in these counties, the data given 
above arc shown from May 25 in order to furnish precipitation and 
temperature records covering the same days in this region as in the 
regions hitherto spoken of. The need for this is emphasized by the 
fact that all these infections lie in approximate relation so far as latitude 
is concerned. 

The first three days of this period were initiated with comparatively 
low maximum temperatures, and an average mean temperature of 68.8®. 
The maximum temperature during the five following days was notice- 
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ably higher, ranging from 81° to 88°, and with a correspondingly higher 
average mean temperature of 74.3°. During this entire period there was 
sufficient precipitation to provide moisture conditions favorable for 
spore germination, although a comparison with the other regions shows 
that in these cases the precipitation was more spasmodic though greater 
in quantity. 

It is impossible to surmise in any satisfactory way as to the influence 
of this period upon the inception of infection in this territory. It is, 
however, noteworthy that from June 5 to June 7 there was precipitation 
on each day. This period was preceded by four days and followed by 
two days when no precipitation fell. The maximum temperature during 
these three days of precipitation ranged from 84° to 90°, and the average 
mean temperature was 76°. The beginning of this rainy period was just 
seven days prior to the finding of the rust infection in Franklin C'ounty, 
and is comparable f.o eight days in the case of the Jackson and Bond 
C'ounty infections. 

An inspection of the data on precipitation and temperature accom- 
panying secondary and later infections observed in ten counties appears 
in general to conform with the above observations on the primary in- 
fections; and it may be seen that excellent conditions for the develop- 
ment of secondary and later infection were provided from time to time 
and in general over periods corresponding rather definitely as to dates, 
yet allowing sufficient latitude to account for later occurrence of in- 
fection and varying degrees of infection in the several instances. 

The first oKservations of the occurrence of evident secondary infection 
(in Randolph ("ounty, June 16) was preceded by the following moisture 
and temperattire conditions: 


June 

Precipitation 

Temperature 


9 

10 

11 

12 

13 

14 

15 

16 

45 

.36 

.87 

.01 



.44 


80 

71 

SI 

74 

RS 

91 

81 

85 

58 

59 

67 

62 

55 

57 

63 

62 


On each of the four days from June 9 to 12 precipitation fell and very 
likely provided favorable moisture conditions. On the 9th and again 
on the 11th the maximum temperature rose to 80° or above and on the 
11 th the mean temperature was 74°. 

It may be seen that favorable conditions for spore germination and 
host infection both as to moisture and temperature occurred from five 
to seven days previous to the finding of the secondary infection. 

This condition is duplicated generally in the case of the nine other 
counties in which observations were made. Under the presumption 




Fi(7. 1, Average moan temperature and average precipitation in fifteen counties 
of central and southern Illinois during late May and June. 

UppcT line: Avi^rage mean temperature. Temperature scale at the right. 

Lower line: Average precipitation. Precipitation scale at the left. 


that primaiy infection occurred in all cases either from aliout May 25 
to 29 or June 2 to 6, subsequent periods of favorable spore-germination 
conditions may be considered as accounting for subsequent infections, 
whether secondary or later. The following chart showing precipitation 
and temperature summarized for the wlioh^ set of observations and the 
time when infections were found, will indicate, in terms of the above 
interpretations, the probable period of primary, secondary and later 
infections so far as they may be thought- to have any dependence upon 
climatological conditions. 



NOTES ON CRANBERRY FUNGI IN MASSACHUSETTS 

Neil E. Stevens 

The rots of cranberries {Vacciniutn macrocarpum) caused by various 
fungi show, with but one or two exceptions, no constantly marked and 
characteristic differences. In order to determine the causal organism 
with any degree of accuracy it is necessary to make cultures from the 
tissues of the rotten berries. In the course of the studies of cranberry 
diseases^ made under the general direction of Dr. C. L. Shear more than 
six thousand cultures from Massachusetts berries alone have fruited and 
been identified. These cultures have been largely incidental to the work 
on the diseases of cranberries carried on jointly by the Massachusetts 
Agricultural Experiment Station and the United States Bureau of 
Plant Industry, Over five thousand of those cultures have been made 
since the fall of 1910, at which time attention was directed especially 
to the rots which develop after the berries are picked. During this 
period much of the culture work has been handled during different seasons 
by Miss A. M. Beckwith, Miss M. S. Wilcox, B. A. Rudolph, Robert 
Jordan, and W^. H. Sawyer, Jr. The storage and shipping experiments 
have been planned and carried out jointly by Dr. II. J. Franklin, Super- 
intendent of the Cranberry substation at East W'areham, and the writer. 
Dr. Franklin has at all times placed the facilities of the state cranberry 
bog and laboratory at the disposal of those engaged in the mycological 
work, with the result that, the data available are drawn largely from the 
region within twenty miles of East W’^areham, and may not exactly 
represent the Massachusetts cranberry area as a whole. Notwithstand- 
ing this limitation, the work here summarized represents a more intensive 
study of the fungi causing decay than has been made of any other berry, 
and may thus justify brief presentation. 

RELATIVE IMPORTANCE OF DIFFERENT ROT FUNGI 

P'ungi belonging to at least twenty-five genera have beim found in 
cultures from decayed or sound craiil erries. They differ greatly, 
however, in their relative abundance. Several fungi have be^ui isolated 
only once or twice, while more than one-thiid of the berries from which 
cultures wore made yielded the end-rot fungus, FiiHicocciun putrcfacicTis, 

* Cranberry diseases and their control. U. S, Dept. Agrio., Farmers Bulletin 1081, 
1920, (and earlier papers by the same author). 
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In table 1 are listed the fungi which have been found more than ten 
times in the tissue of rotten or immature cranberries from Massa- 
chusetts, with the number of times they have occurred in the total of 
6617 cultures which were identified. The second column gives the 
number of times each fungus has occurred in the cultures made from the 
tissue of rotten berries, while the third column gives the number of 
times each has occurred in the series of cultures made from freshly picked, 
immature berries. 

Table 1 — More important fungi f mind in tissue of decayed cranherries from Massachusetts 
1910 to 1922f and of green berries 1921 to 1923. 

N umber of times found N umber of times found 
Name of fungus in 5412 cultures from in 1205 cultures from 



decayed berries. 

green berries. 

Fusicoccum putrefadens Shear 

2209 

108 

(causing end-rot) 

Glomerella cingulata vaccinii Shear. 

1323 

126 

(causing bitter-rot) 

Phomopsis sp. 

762 

19 

Sporonema oxycocd Shear 

312 

16 

Guignardia vaccinii Shear 

225 

202 

(causing early-rot) 

Penicillium sps. 

204 

183 

Dematium sp. 

158 

225 

Pestalozzia guepini vaccinii Shear 

97 

54 

Acanthorhynchus vaccinii Shear 

45 

10 

(causing blotch-rot) 

AUemaria sp. 

15 

159 


In comparing the figures given in table 1, it should be borne in mind 
that the results of work on decayed berries cover a period of fourteen 
years and involve over five thousand cultures, whereas the work on 
green berries, which will be discussed in greater detail later, involves 
only about twelve hundred berries and is confined to the last three years. 
The results, however, plainly indicate that fungi of several genera, such 
as Dematium and Alternaria, are of more frequent occurrence in green 
berries on the vines than their importance as storage rots would seem to 
indicate. The high number of Penicillium cultures may well be due, in 
part, to contaminations. 

EFFECT OF STORAGE TEMPERATURES ON THE DEVELOPMENT OF DIFFERENT 

FUNGI 

While the data given in column 2 of table 1 may be taken as indicating 
the relative importance of the different fungi under average storage 
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conditions in Massachusetts it is evident that their abundance in any 
given case varies greatly and depends to some extent on the storage 
temperature. The effect of storage temperature is clearly shown by 
tests carried out in the fall of 1921 and 1922. In each test about a peck 
of sound berries from each of three different bogs were carefully sorted 
out by hand. This sample was then divided into two equal parts, one 
of which was stored in a ventilated crate at a temperature of approxi- 
mately 0® C. while the other was stored in a similar container at a tem- 
perature varying from 15® C. to 20® C. In both seasons the storage 
test began in October and lasted four months. The results are given 
in table 2. 

Table 2 — More important fungi found in berries which had decayed during temperature 
storage testSf expressed as jwr cent of totai spoiled berries from which cultures 

were made 

Name of fungus Developed in storage at Developed in storage at 



0“ C. 

o 

O 

o 

Fusicoccum putrefaciens 

,5.5.4 

34.8 

Glomerella dngulata vaccimi 

2 0 

14.0 

Guignardia vaednii 

0.3 

8.0 

A can thorhynchus vaednii 

0 

3.7 

Sterile 

20 8 

7.4 


It is evident from these tests that the growth of Fusicoccum putre- 
faciens is not inhibited at temperatures near zero centigrade while the 
growth of such common rot fungi as Guignardia vaednii and Acantho- 
rhynchus vaccinii is practically stopped. Such a result might have been 
anticipated from their temperature relations as determined in pure 
culture. 


TIME OF DEVELOPMENT OF FUNGI IN STORAGE 

The difference in the temperature relations of the various rot fungi 
does not seem to account for the fact, demonstrated by Rudolph and 
Franklin^ that different rot fungi tend to develop at different times in 
storage. In this careful piece of work it was clearly shown that under 
the conditions of the experiment in 1916 and 1917 such fungi as Glomerella 
dngulata and Phornopsis sp, predominated among those berries which 
decayed during the early part of the storage season while Fusicoccum 
putrefdcicns was by far the most abundant organism in those berries 
which decayed later in the season. This relation held even though the 

^ Relative prevalence of fungi causing rots of cranberries at different periods during 
the storage season. Mass. Exp. Station Bui. 198: 88-92. 1920. 
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berries were stored at a uniform temperature of 20° C. The delay in 
the development of these fungi is all the harder to explain in view of the 
fact, demonstrated by the culture work of the last three years, that 
infection by these storage rot fungi often occurs early in the development 
of the berry, 

TIME OF INFECTION OF CKANBERRIES BY FUNGI 

That the rot producing fungi are either actually in the berry or so 
closely attached as not to be removed or injured by severe sterilization 
seems to be clearly demonstrated by series of cultures made in Massa* 
chusetts during the summers of 1921, 1922 and 1923. This work, 
which was planned to obtain information as to the prevalence and dis- 
tribution of fungi on green berries, was carried out as follows. Beginning 
as early in July as the petals were shed, twenty or more berries were 
selected every week from each of several bogs and sterilized by soaking 
in a 1 to 1000 solution of mercuric-bichloride in seventy per cent alcohol, 
for five to ten minutes and then washing in sterile distilled water. They 
were then placed in sterile tubes of corn meal agar and held at room 
temperature. 

The outstanding n'sults of this work are that a large portion of the 
benies were found to be infected early in the season, that the proportion 
of infected berries did not increase greatly as the season advanced, and 
that most of the important fungi, even those that develop late, were 
found to be present early in the season. Those results, which are sum- 
marised in tat)les 3 and 4, should be considered as applying only t o the 
region and for the years in which the work was done. 


Taiilk 3 — Eaiiust dates on which vanom important rot fungi were found in green cran- 

hemes' in Massachusetts. 


Nan e of fiiru^ius 

1921 

1922 

1923 

F usicocc n m puirefaciens 

July 13 

July 0 

July 18 

(tlomerclla cingulnta racctnii 

1C) 

“ 12 


Phontops'is s'p. 

August 2 

“ 6 


Sporonerna o.rycocn 

July 21 

“ 0 

July 19 

Gmgnardw vaccinii 

20 

“ 6 

“ 12 

Venicilhuni sps. 

“ 13 

0 

11 

Ikmatium sp. 

“ 13 

“ 6 

“ 11 

Pest'dozzia gvepini vaccinti 

“ 10 

“ 12 

'' 19 

A ca '/ thorh ynch ns vacc i n i i 

“ 20 



All maria sp. 

“ 13 

6 

“ 18 

^ In explanation of the difference 

in the time of appearance of 

the fungi it should be 


stated that the spring of 1922 was unusually early and warm. 
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Table 4 — Number of immature cranberries from which fungi developed in culture^ ex- 
pressed as per cent of total number of berries cultured. 


Date 

Per cent infected 

Date 

Per cent infected 

1922 


1923 


July 6 

60 



12 

48 



19 

33 

July 18 

35 

“ 26 

61 

, 25 

48 

August 2 

51 

August 1 

70 

“ 9 

56 

" 8 

81 

15 

64 

“ 15 

56 

“ 23 

45 

‘‘ 22 

48 

“ 29 

61 




PLACE OF 

INFECTION 



A series of eulturcs made during 1922 and 1923 by sterilizing berries 
as described above and then cutting them in half with a sterile scalpel 
and culturing the halves separately shows, as might be expected, that 
the blossom end of the berry is much more likely to be infected by fungi 
than the stem end. Of a total of 150 berries cultured in 1922, 100 of the 
stem ends were sterile and only 53 of the l)l()S8om ends. In 1923 berries 
were sterilized and the stem and blossom ends cut off with a sterile scalpel. 
The threes parts of the berry w’ore then cultured s(»parately. Out of a 
total of 120 such cultures, fungi developed from 55 per cent of the 
blossom ends, while fungi developed from only 12 per cent of the stem 
ends and middles portions. 

Such fungi as Alternaria, Dematium and Fusicoccum wore decidedly 
more abundant on the blossom end, while Giiignardia was equally abun- 
dant in cultures from either end. In one case three different fungi wefe 
isolated from the blossom end of a single berry. 

ocx’runENCK of funcji in different varieties 

Most of the culture work in Massachusetts has been done on the two 
principal comnuircial varieties of that region, Early Blacks, and Howes. 
All the fungi listed in the tables have been found on both these varieties, 
and most of them have been found also on McFarlins and Oentenials. ^ 

DISTRIBUTION OF CRANBERRY ROT FUNGI BY FLOODING WATER 

The injury to cranberry buds and blossoms which has oc(*asionally 
occurred in Massachusetts during the June reflow led to a study of the 
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fungi found on cranberry buds and tips with special reference to the 
conditions before and after the vines were submerged. So far as relates 
to flooding injury the results have been negaitive. While, as might be 
expected, fungi are present on buds that have been injured by flooding, 
the fungi are not markedly more abundant, nor of different kinds than 
are found on normal flowers which have survived the flooding. Fungi 
apparently play little if any part in the so called “water injury.” 

These culture studies have, however, brought out the fact that the 
flooding water acts as a carrier of fungous spores, probably by bringing 
them up from the trash on the bottom or about the sides of the bog. 
The evidence on this point was secured by collecting tips bearing flower 
buds from various bogs just before the June reflow, and placing them 
on sterile culture media after sterilizing as described for the berries. As 
soon as possible after the flowage water was removed a similar set was 
taken from near the same place and treated in the same way. The re- 
sults are given in table 5. 

Table 5 — Results of cultures from cranberry tips taken before and after the June reflow. 

Averages of cultures from four different bogs each season. 

Year Per cent infected by Per cent infected by 

fungi before flooding fungi aft r flooding 

1922 35 67 

1923 14 77 

That the results of 1923 are more striking than those of 1922 is perhaps 
due in part to the fact that the technique used was somewhat improved, 
and in part to the cold spring of 1923. That the difference between the 
first set of cultures and the second in both years is directly due to the 
effect of the flooding water seems to be proven by the fact that no such 
difference is found in tips taken at similar periods from bogs which have 
not been reflowed. 

OCCURKENCE OF THE SAME FUNGI IN OTHER CRANBERRY ^ 
GROWING SECTIONS 

While it should be clearly understood that the data here presented are 
derived wholly from observations made in Massachusetts and the con- 
clusions apply only to that region, the fungi are widely distributed. 
Some of them have been found, not only in the region of commercial 
cranberry culture where they might easily have been carried in ship- 
ments of vines, but outside those areas on wild vines. Of the fungi 
listed in table 1, Fusicoccum putrefadens, Acanthorhynchus vaednii, and 
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Phomopm sp. have been found in New Jersey, Wisconsin, the cranberry 
region of the Pacific Coast, in Maine, and in North Carolina. Ghmerella 
dngulaia vaccinii, Guignardia vacdnii, Dematium sp. and Pestalozzia 
guepini vaccinii have been found in New Jersey, Wisconsin, on the 
Pacific Coast, and in North Carolina. Sporonema oxycocd has been 
found in New Jersey, Wisconsin, on the Pacific Coast, and in Maine; 
and Alternaria sp. and Penicillium sps. in New Jersey, Wisconsin, and 
on the Pacific Coast. F. putrefaciens and A. vaccinii have also been 
collected in Alaska on Vaccinium oxycoccus and V. Vitis-Idaea. 



CROP INJURY RESULTING FROM MAGNESIUM 
OXIDE DUST 

F. J. S I B V B R S 

. With One Figure in the Text 

Magnesium carbonate, when properly treated, finds, besides its many 
other uses in the industries, a strong demand as a lining for furnaces 
where basic ores are smelted. Large deposits of native magnesite, 
MgCOi, are found in central Europe and these furnished most of our 
supply before the war. When, however, during the war an embargo 
was declared on this European product, there was an immediate interest 
in developing our own previously discovered magnesite resources. In 
eastern Washington is located a large deposit of magnesite rock of a 
very high percentage purity and this was mined, processed in newly 
constructed roasters and put on the market. In the manufacturing 
process the original rock is finely ground and mixed with a small amount 
of iron oxide and then calcined, resulting in a granular product referred 
to on the market as ^‘dead burn’^ magnesite. This calcining is carried 
on at about 3000° F. in Kslightly inclined revolving cylindrical furnaces 
that are fed at the base with pulverized coal for fuel, with the result that 
much of the finely ground material after having been converted by this 
intense heat into the form of magnesium oxide is carried out through 
the stacks together with the smoke and large volumes of carbon dioxide 
gas, later to become deposited as a layer on the surrounding agricultural 
land. Due to the vigorous operation of the plant induced by wartime 
pressure although active only for a few years, the deposition of dust was 
sufficient to have a pronounced effect on the development of agricultural 
crops grown on soil in close proximity. At the time the plant discon- 
tinued operation a few years ago, this deposit, with its greatest thickness 
of somewhat more than an inch near the plant, was sufficiently extensive 
to be easily evident at distances of one and one-half miles to leeward. 

The roaster is located in a valley bounded on the cast and west by 
comparatively prominent mountain ranges and, due to the influence of 
this topography on the direction of air currents, even though located in 
the region of the prevailing westerlies, leeward here is both north and 
south of the source of the dust. With the magnesite plant as a center, 
the area over which crops were detrimentally affected was in the shape 
of an oval having approximately one mile and three miles, respectively, 
as its short and long axis. 
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The precipitation in this comparatively level, fertile and low lying 
valley, drained by the Colville River meandering through it, is limited to 
an average of about eighteen inches per annum, but this moisture supply 
is supplemented by sub-irrigation and surface run off from the suiTound- 
ing uplands, which receive a slightly heavier annual rainfall. There 
has been little opportunity for loss of plant food through leaching, and 
consequently the soils contain large amounts of soluble salts, in some 
cases enough so that there were slight evidences of alkali, and practically 
all soils in the area were alkaline in reaction before the magnesite plant 
began operations. This alkalinity, being slight in amount or intensity, 
caused sufficient concentration of the, soil solution to have a beneficial 
effect in the soil’s productiveness. Soon aft(!r this deposition of mag- 
nesium oxide dust took place, however, injurious effects were noti<!eable 
on the crops. This was to be oxiiected when one realisios that the de- 
posited magnesia dust although only slightly .soluble tended soon to 
increase the concentration of the .soil solution or at least increase its 
toxicity to a point where it was no longer ojitimum for crop production. 
There apparently was a ph3'sical as well as a chemical, and no doubt 
also a pronounced toxic (dTect. The crust that accumulated on lands 
close to the plant from the time winter wheat was seeded ui) to the time 
that the plants should have appeared above the ground was of the con- 
sistency of mortar and sufficient Ij' thick and impervious to make pene- 
tration by most plants impossible. The shoots that failed to penetrate 
this crust became elongated to a point where the energy in the seed was 
expended and th<>n the plants died. Those plants that did get through 
soon took on a brownish ^adlow coloration at the tips of the leaves, and 
upon clo.se examination it developed that consistent with jilant conditions 
commonly found on alkali soil, practically their entire root system had 
been killed or corroded to the extent that Iherc was no longer sufficient 
contact with the soil to furnish the necessary plant food or the foothold 
essential to hold the plants erect. Furthermore it is a common ex- 
perience that within the injured area the detrimental effect of the 
magnesium is not nearly as pronounced in the early part of the growing 
season when the soil contains a high percentage of moisture and the soil 
solution is less concentrated. Various attempts to grow the small 
grain or grass crops to which this region is best adapted, failed for several 
years, and these failures were and are still decidedly pronounced close 
to the plant even after attempts had been made to overcome the dif- 
ficulty by soil treatment with fertilizers, amendments and also irrigation 
water., At the distance of a mile or more, where there was still evidence 
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of the deposit, the injury was never as pronounced nor was it felt for as 
long a period. In some cases along the margin of the injured area where 
the deposit was only slight, it seemed to have even a beneficial effect on 
plant growth in which respect the conditions were similar to those 
ordinarily surrounding an alkali spot in irrigated regions. 

To obtain all detailed information having a definite bearing on this 
subject, because of its importance to the magnesite industry and its 
relation to the use of magnesium carl)onate or other compounds con- 
taining magnesium for soil treatment, a thorough investigation was 
planned by the author. 

Field conditions were thoroughly examined and a record made of the 
influence of magnesium on plant development. Analyses for magnesium 
were made of representative soil samples carefully selected at various 
distances from the plant, soil from the area under consideration was 
taken to the plant house, where plants were grown on it under controlled 
conditions, and a fairly complete history of cropping experiences in the 
field was maintained. 

The field area aflected is quite diversified as regards soil type. It is 
comparatively common to find peat and muck adjacent to heavy silt 
or clayey loam. In such cases the crop injury from the magnesium 
deposit was always most pronounced on the peat and muck soils, which, 
because of their high organic matter content, were always lighter in 
volume weight. The difference in volume weight, which varied all the 
way from one million to throe and a half million pounds per acre foot, 
has, no doubt, a decided bearing on the effect of magnesium, because on 
a percentage basis, even where the deposit was uniform, the concentration 
per unit of volume of soil in one case will be three and one-half times as 
great as in the other. This condition was taken into consideration in all 
chemical analyses of soil and subsoil and all results were calculated on 
the basis qf pounds per acre foot before an attempt was made to analyze 
the data. Sixty-two field samples of both surface and subsoil were taken 
of the area affected two years after the plant had discontinued operation. 
The magnesium content was qalculated on the basis of oxide, although 
it is recognized that little of it remains in that form after it reaches the 
soil. When the dust first leaves the stacks it is largely of an impalpable, 
amorphous nature and, with the exception of small amounts of unoxidized 
carbon and of uncalcined magnesium carbonate carried out with it, is 
composed almost entirely of magnesium in the oxide form. After it 
comes in contact with the soil and is exposed to the carbon dioxide of 
the air and to moisture it is soon converted into a comparatively, stable 
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basic magnesium carbonate [(4 MgCO,. Mg(OH),. 5 H,0) and 
(3 MgCOi. Mg(OH) 2 . 3 H 2 O)]. The magnesium carbonate although 
not readily soluble in water acts quite differently in a soil solution con- 
taining carbon dioxide where the more soluble bicarbonate is readily 
formed (MgCO, + H 2 O + Mg H^CCO,),. This reaction, in part, 

no doubt is also responsible for the fact that the toxic effect of the mag- 
nesium was most pronounced on soil high in organic matter or in soil 
where there was an opportunity for large amounts of carbon dioxide to 
be evolved. 

It was found that although quite variable in its composition the normal 
surface soil contained about 4000 pounds of magnesium, calculated as 
oxide, per acre foot, while none of the samples, with possibly one ex- 
ception, taken at a distance of one and a half miles from the plant and to 
leeward of it, contaiiu'd 5000 pounds per acre foot. This amount 
increased toward the source of the dust, and as high as 50,000 pounds 
of magnesium oxide per acre foot were found within 100 feet of the 
plant. The subsoils of all samples were comparatively uniform in 
magnesium content irrespective of proximity to the plant. The average 
of all subsoil analyses shows about 5000 pounds of magnesium oxide 
per acre foot, or an amount slightly higher than for normal surface soil. 
It is not surprising to find a higher magnesium content in the normal 
subsoil because it is natural for all soluble substances in the soil to be 
carried downward. A sample of residual soil taken from within three 
feet above the magnesite rock at the mine supported splendid vegetation, 
and showed no higher magnesium content than is found in average pro- 
ductive soils. The fact, however, that the difference in composition 
between surface and subsoil is so slight, was of value to sliow that the 
magnesium deposit on the surface of these soils did not originate with the 
subsoil as a result of a ‘'rise of alkali'' as was somewhat generally con- 
tended by those who were not willing to acknowledge that the injury 
originated with the calcining plant. 

To determine without question whether magnesium was either di- 
rectly or indirectly responsible for the crop injury, soils from the fields 
surrounding the magnesite plant were collected and transferred to the 
greenhouse in an attempt to grow plants under controlled conditions. 
The samples of soil were taken from several locations at a distance of (1) 
40 rods north, (2) 160 rods south, and 640 rods south of the calcining 
plant. These samples were then thoroughly mixed and two flowering 
pots were filled with each sample, so that each pot contained about 1000 
grams of air dry soil- In each case one of these pots was left untreated, 
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and to the other, five grams of chemically pure magnesium carbonate 
(MgCoi) were added and thoroughly mixed with it. Oats were planted 
and at the end of ten weeks the results represented in figure 1 were 
obtained. 

The oats on the untreated soil taken at a distance of 40 rods from the 
plant all sprouted, but showed much the same brownish-yellow and 
generally sickly and stunted characteristics that were noted in the field. 



Fig. 1. The effect on plant devel(»prnent of magnesia dust deiKJs.ted on agricultural 
land as a result of eminations from the stacks of a magnesite calciner. Soils at 40 rods 
from the calciner were injured so decidetily that crops failed without any further ap- 
plication of magnesium carbonate. Soils from a distance of two miles were not affected 
and could even withstand an application of five grams of magnesium carbonate per 
1000 grams of soil in addition to the deposit in the field without any pronounced sign 
of injury. On soils at a distance of 100 rods the injury, although noticeable, had not 
reached a maximum and the addition of magnesium carbonate in the i)ot aggravated 
the effect very greatly. 


There was little difference between results from the untreated and the 
treated soil taken at this distance from the source of the dust, both 
were failures and the addition of more magnesium carbonate could caiuse 
no further injury. On the untreated soil from a distance of 160 rods 
from the source of the dust, the oats, although still discolored, sickly 
and stunted, were in much better condition than those on the treated 
soil which showed that the injurious effect here had not yet reached a 
maximum. 

The treated soil taken at a distance of 160 rods from the source of the 
dust produced a crop failure and in this respect was comparable to th 
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untreated soil taken at a distance of 40 rods as previously discussed. 
Soil from a distance of two miles produced good oats under both condi- 
tions, although those on the untreated soil were slightly better than on 
the treated. This shows conclusively that magnesium, when present 
in soils beyond certain amounts, produced injurious effect s on this cereal, 
and that the normal soil in this valley in localities whore it is outside the 
zone of influence from the calcining plant does not carry enough mag- 
nesium or alkali salts to cause injury to crops. 

All of the land in this valley is being intensively tilled, and since the 
calciner discontinued operations, the farmer, in his (;fforts to bring the 
dust-injured soils back into producing (sondition, has, through plowing, 
caused the magnesite (h^posit to become thoronghly distributed tlirongh 
a comparatively largo soil volume. This has caused much of the crust 
to disappear and has made' for a less concentrated soil solution at the 
immediate surface of the ground with the result that there is no longer 
such pronouiKied physical and chemical injury to the crops, and the 
injured area is gi-adually decreasing in size. Just how long it will take 
before the entire area is reclaimed under conditions where future de- 
position of dust is prevent.(;d is a matter of time and climate conditions, 
as they influence soil moisture during the growing .season, but it is quite 
evident that the present injuiious condition is not of a permanent nature. 

W.\SHl\OTON AciUK'CLTl UAL ExPERT.MEXT STATION. 



A CHEMICAL AND PATHOLOGICAL STUDY OF DECAY OF 
THE XYLEM OF THE APPLE CAUSED BY 
POLYSTICTUS VERSICOLOR FR. 

R. G. S M I T n ^ 

This paper includes two proximate chemical analyses, the first of 
normal apple wood {Fyrus 7nalus L.), the second of the same wood but 
altered in composition as a result of fungus attack (Polystictus versicolor 
Fr.) and in addition the proximate composition of equal volumes of the 
different woods with a proximate composition of the difference in weight 
of the two volumes. 

LITERATURE 

The author found a paucity of literature on the subject of complete 
wood analysis, less on the subject of w’ood analysis altered by fungus 
activity. Recent published articles of a physiological nature including 
chemi(;al analyses are Tottingham (10) et al. on the composition of apple 
spurs and adjacent wood with special reference to the homicellulose 
fraction, Butler (1) et al. on the proximate composition of different 
aged branches, trunk and roots of the apple tree at successive stages 
from spring dormancy to leaf fall. Hooker (6) made analyses of apple 
spurs including determinations of the true starch, at successive dates 
throughout the year. Articles dealing with the chemical aspect of wood 
analysis are confined to the special fractions, with the exception of the 
published papers of Dore (2-5). He has collected scattered methods, 
revised and improved analytical processes. Schorger (9) published an 
article defining the fractions of wood analysis. 

PREPARATION OF MATERIAL 

The xylem of an apple tree branch five years old partly altered as a 
result of fungus attack (Polystictus versicolor Fr.) was used for purpose of 
analysis. Identification was confirmed by Prof. W. T. Horne of the 
Dept, of Plant Pathology, University of California. The fungus 
altered wood was carefully removed with a knife and ground in a drug 
mill so that the powdered mass of wood passed through a sieve having 

^ The above work was carried on in the Div. of Plant Nutrition, University of Cali- 
fornia, under the direction of Prof. W. H. Dore. 

The author wishes to express his appreciation for the suggestions and assistance given 
him. 
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50 meshes to the linear inch. The unaltered wood was obtained seven 
inches below the altered area in the direction of the trunk by repeated 
cross-sectional cuts (made with a cross-cut saw having 13 teeth to the 
inch) until the quantity of sawdust amounted to about 100 grms. The 
sawdust was ground and sieved the same as the altered. 

ANALYTICAL METHODS 

Moisture was determined by drying 2 grm. samples to constant 
weight at 100° C. Benzene extract was determined by extracting 2 
grm. samples of the dried material in a Soxhlct apparatus for continuous 
extraction for 6 hrs. with benzene. The solvent was then evaporated 
and the residual extract dried for 1 hour at 100° (b and weighed. 

Alcohol extract . — The residue from the benzene extraction was treated 
the same as above except 95 per cent alcohol was used as a solvent. 
The alcohol was evaporated off and the residue dried and weighed. 

The alcohol wlublc . — Sugars were determined by extracting two grms. 
samples in a Soxhlet apparat us for six hours with 80 c.c. of 95 per cent 
alcohol. Tlie extract was evaporated to 10 c.c. taken up with boiling 
water, cooled, clear(‘il with basic lca<l acetate deleaded with 10 per cent 
sodium carbonate filter washed, acidified with acetic acid made to 
volume and reducing sugars determined by Munson-Walker method (8). 
Reducing sugars as dextrose subtracted from alcohol extractive gives 
the non-sugars in the alcohol extract. 

Starch . — This was determined by the taka-diatose method on the 
residue from benzene and alcohol extraction after gelatinising with 100 
c.c. boiling water. The resulting maltose and dextrins were hydrolysed 
into dextrose and the amount determined by Munson and Walker's (8) 
method and calculated as starch. 

Hemicellulone . — The residue from the starch determination was made 
up to volume of 100 c.c. one per cent hydrochloric acid and hydrolysed 
over a steam bath for three hours, filtered. The filtrate was boiled, neu- 
tralized with solid lead carbonate, filtered and washed, made to volume, 
and acidified with acetic acid. Reducing sugars determined by Munson- 
Walker (8) results converted to hexosan formula. Pentosan in the 
hemicellulose fraction were determined by taking aliquot proportions of 
above volume and distilling with 12 per cent hydrochloric acid (Krober 
method) (7) and calculating the yield of phloroglucid to pentosan sugar 
by Krober table (7). The pentosan weight was subtracted from the 
total hexosan and remainder expressed as hexosan. Cellulose was 
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determined by successive chlorinations after extracting with benzene 
and alcohol according to the method of Dore (3). 

The residue from cellulose determination was distilled with 12 per cent 
hydrochloric acid (Krober method) (7) and the yield of phloroglucid 
calculated to pentosan (Krober table) (7). The pentosan weight was 
subtracted from the total cellulose and the remainder expressed as pen- 
tosan-free cellulose. Lignin was determined after extraction with ben- 
zene and alcohol according to Dore (3). 

SPECIFIC GRAVITY DETERMINATION 

The sipecific gravity of the unaltered and the altered wood was de- 
termined accurately by aid of the analytical balance. Cubic pieces of 
wood were taken from the altered area, and similar pieces of unaltered 
wood from seven inches below the altered area and directly opposite the 
altered area. All were dried to constant weight at 100® C., weighed, 
covered with paraffin by means of a camels hair brush and reweighed, 
then weighed held under water in a 50 c.c. breaker, on the pan of the 
analytical balance, by a slender steel needle. The weight of the paraffin 
covering cubes determined also its sp. gr. and the volume of water 
displaced by it subtracted from the volume displaced by combined 
volume of the paraffin covered wood. From this data the sp. gr. of 
the wood cube was determined. 

FRACTIONS OF ANALYSIS DEFINED 

In a complex organic substance of the nature of wood it is impossible 
to isolate completely the individual complexes of its formation; in our 
present state of knowledge the complexes are broken up into fractions 
which form the units of analysis. The following are the fractions used 
in this analysis and their content. Benzene alcohol extractive fractions 
are composed of fats, dyes, proteins, ethereal oil, resins and soluble 
reducing sugars, starch fraction, of starch. Hemicellulose fraction in 
the apple is regarded by Tottingham et al. (10) to be composed of 
hexosan and pentosan sugars identified by them as glucose, xylose and 
galactose. The above are considered by Schorger (9) to be the Secondary 
constituents of wood, the main constituent being the lignocellulose com- 
plex, which is broken into the cellulose and lignin fractions. The cel- 
lulose fraction is defined by Dore (3) as a product prepared by processes 
of sufficient intensity to remove all extractives (resins, dyes, etc,), 
incrusting substances (lignin) and hemicelluloses (condensed carbohy- 
drates of pentose, manose, glucose, and galactos basis), and limited in 
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their action to these bodies. It may contain A-R-^and Y cellulose 
(inercerisation test) also furfural yielding complexes. Schorger’s de- 
finition of the lignin fraction is “lignins are characterized as being 
carbohydrate derivatives containing methyl methoxyl, formyl and 
acetyl groups and consequently have a higher carbon content than cel- 
lulose or the hemicelluloses.'' 

RESULTS OF ANALYSES 

All results of the proximate analysis of altered and unaltered apple 
wood are given in the fallowing table, in addition the proximate composi- 
tion of equal volumes of the different woods with a proximate com- 
position of the difference in weight of the volumes. 

Table 1 — Result of (malysih of healthy and decayed apple uood. 

Kxplanjition of Icttcreil columna given below 
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Results of analysis given in columns A and B : A being figures for un- 
altered wood and B those for altered wood expressed in percentage on 
moisture free basis. These results show a decrease in all constituents 
except benzene extract, lignin and undetermined. Lignin shows a 
marked increase and since no new’ lignin can l^e assumed to have formed 
it would appear pro])able that the increase is due to concentration by 
removal of other constituents. This data in itself does not show that 
lignin remains uiiattacked but it does show that it is at least much less 
attacked than other constituents. Further light, however, is thrown 
upon this matter by calculation based upon the specific gravities of the 
two samples. Unaltered wood has an apparent sp. gr. (i. e., an average 
sp. gr. including air spaces) of .63, altered w^ood .44. Since the volume 
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of the wood is presumably not altered by the fungus attack we may 
assume that the material which is finally cc^ntained in 44 grms, is the 
residue remaining from 63 grms. of original material. 

Accordingly the analyses have been recalculated to a comparable 
basis; that in column A A representing analysis A recalculated to a basis 
of 63 grms., that in column BB representing analysis B calculated to a 
basis of 44 grms. 

A comparison of these figures shows the relative amounts of e^ch 
constituent before and after fungus attack. The differences are given 
in column C and the percentage differences in column D. 

The change in the amount of lignin is negligible and within the ex- 
perimental error of the analysis. The results accordingly tend to 
indicate that lignin is unchanged. The differences in the undetermined 
constituents are likewise negligible. The increase in benzene extract 
may possibly be due to the accumulation of resinous by-products in- 
cidental to the fungus activity. All other constituents appear to be 
definitely attacked. 
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ABSTRACTS OF PAPERS PRESENTED AT THE SEVENTH 
ANNUAL MEETING OF THE PACIFIC DIVISION OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY, LOS AN- 
GELES, CALIFORNIA, SEPTEMBER IS TO 21, ims. 

M osau; and other systemic disorders of raspberries in the Pacific North west. S. M . Zellbb. 
Effect of rougHng on spread of curly top in heels. E. C. Titus. 

Physiological specialization in Fotnes Pinic>ola Fr. Henhy Schmitz. 

American foreign plant quarantines. R. Kent Bp:attib. 

SYMPOSIUM 

Ecological factors influencing the distribution and severity of inscAit pests and plant dis- 
eases. Discussion lead by E. T. Bartholomew, II. J. Webheb, If. S. Fawcett, 
and H. H. P. Severin. 

This was a joint meeting with the Pacific Slope Branch of the American Association 
of Economic Entomologists, The Pacific Division of the Physiological Section of the 
Botanical Society of America, and the Ecologi(;al Society of America. 

Decay of Douglas fir due to Form incrassaia. S. M. Zeller. 

Porin inernsmia has been found to do rapid and extreme damage to Douglas fir 
struct ural timber and flooring whim there is any contact with soil as a source of moisture. 
The spores germinate readily on damp soil or coniferous wood and rhizoinorphs from 
10-18 mm. diam. are formed leading to wood further from moisture sujiplies. The 
decay is brown and fragile. 

Mosaic disease of loganberry. S. AI. Zeller. 

Aiosaic* of loganberry is very destructive and widespread. Its present known range 
is from Sonoma County, (kdifornia, to Snohomish County, Washington. In Oregon 
many 1 to 00 acre tracts have been grublied out because of this disease. Nearly all 
younger plantings have from 3 to 95 per cent of the plants affected. Plants gradually 
decline and die out in 3 to 4 years after first symptoms appear. 

Influence of time and temperature on the rate of growth of certain fungi. H. S. Fawcett. 

An experiment w^as performed in which the mycelia of twT) fungi {Pythiacystis citro- 
phthora and Diplodia natalensis both citrus fruit rotting fungi) were allowed to advance 
continuously in large long class tubes for periods of four and six months in uniform 
medium with only the slightly fluctuating temperatures of a dark basement room. 
After a short initial adjustment, both fungi grew during the long periods of the experi- 
ments at average rates fluctuating along with the fluctuating temperatures. Neither 
of these fungi appeared to be atfected by the time clement in their ability to respond 
to a given temperature. For example Diplodia natalensifS is an average temperature 
of 15.r C. during the 7th w^eek advanced 23 mm. This same average temperature 
was again r(K*orded in the 19th and 21st weeks in each of which the fungus advanced 
just 24 mm. The ine-rement. of growi;h dropped to 18 mm. on the 8th week at 14.1® C. 
and the same drop took place on the 20th w^eek at 14.4® C. With Pythiacystis citro- 
phthora an average temperature of 15.5® C. occurring on the 4th and again on the 11th 
week was accompanied by a growth of 27 mm. in each case. There appeared therefore 
to be DO evidence of ‘‘staling" or slowing down with the age of the culture under the 
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conditions of the experiment. The range of temperatures experienced during the 6 
months were from 12.8® to 21 .1® C. Other previous experiments with the same organ- 
isms showed that for shorter periods of from 3 to 6 days and especially for higher 
temperatures the time element had an important influence on rate of growth. 

Allernaria rot of lemons, E. T. Bartholomew. 

Losses due to Alternaria rot are encountered in all of the lemon-growing districts of 
(California. The decay almo.st invariably begins at the button (calyx cup plus recep- 
tacle; end of the lemon, the fungus gaining entranrje through or under the button. 
Experiments have shown that there is a certain amount of button infection at about 
the time the petals are withering. Whether the mycelium proflueed in the tissues at 
this time remains in a dormant or semi-dormant condition wliile the fruit is maturing 
and th(‘n develops and })roduces the de<‘ay or wdiether the decay is more directly due to 
later infe(‘tion by spores which have lodged in the crevices of the button or between the 
button and the lemon has not been definitely determined. Under ordinary conditions 
the lemon fruit itself never becromes infected until it is mature and even then not until 
certain unknown physiological changes occur which permit the fungus to invade the 
tissues. The invasion of the lemon tissue under the button usually takes place while 
the lemons arc in storage or transit but it may occur on the tree if the lemons are allowed 
to remain unpicked until over-ripe. No medium has yet been found which wdll sterilize 
the button tissues without injury to the fruit. Spraying experiments arc being con- 
ducted in the groves but without the hope of much suf(;ess because of the 'almost 
eontinuous blossoming and .setting of new fruits in most of the lemon growing districts. 

The study of resistance to croirn-gaU in Prunu,s\ (\ () S.\iri‘H. 

About forty dilTerent .specitns and numerous varieties of Primus have been tested for 
crown gall resistance, using artificial inoculations as a means of infection. 

A great ditTerence in susceptibility has been found In some diversified species as 
P. domvstica, susceptible and resistant varieties have been found. In other species the 
seedlings and varieties tested seem to indicate that the species itself show’ strong re- 
sistance. Certain of the evergreen species (Lawrwcrasi/s) have show’n total resistance. 
The species that apparently have strong resistance are P. pumila, P. Besseyi, P. Mume^ 
P. umbeUdUiy P. alleghaniensiSf P. Sfrolina^ P, caroliniana, P. iJieifoUa, P. UmgnUca and 
some varieties of P, dornesiica and P, insihim. 

The adaptability, under California conditions, of the resistant species, as stocks for 
the stone fruits is being tested. It is too soon to give conclusive results, but tw’O 
species, Pr units Mum*' and Primus Bess'^yi appear promising. 

The resistant ho.«its of Primus in many cases show a characteristic development of 
the hypertrophies. These are not typical subspherical gulls, but are small in size, 
often cylindrical, mere point-like growths on the margins of the healing tissue. Many 
of them do not (iontinue to develop and after a time disappear. 

Effect of environmental conditions on western yellow blight of tomatoes, Michael 

Shapovalov. 

The geographical distribution and the seasonal prevalence of western Yellow Blight 
of tomatoes depend primarily on climatic conditions. The disease tends to assume 
alarming propoi-tions in localities and seasons characterized by a relatively high tem- 
peiature, low humidity and high evaporation and is of little or no significance where 
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and when the humidity is high and the temperature and the evaporation are low. The 
r61e of climatic conditions in the development of Western Blight of tomatoes may be 
twofold: (1) direct upon the host predisposing the latter to the subsequent infection 
with parasitic or saprophytic organisms and (2) producing a set of conditions favoring 
fl'S^ressive activities of such organisms. There are clear indii'ations as to the important 
effe(!t of environments in bringing about the diseased conditions of the host aside fromt 
the interference of parasites. A progressive root decay ha.s been invariably observed 
in connection with Western Tomato Blight. Several fungi, principally Fusarium app. 
and lih izoctordd Holaniy have been isolated from these decaying portions of the roots, 
but their exact r61e in the development of the complex symptoms of Western Blight has 
not been definitely determined. It is probable that a physiological collapse of small 
rootlets precede the fungus infection. 

Thv hvhttvior of certain varieties of tomato to the inli disease (Fnsariuni) in California. 

M. Shapovalov and J. VV. Lesley. 

The j)ossibility of controlling tomato wilt by means of resistant varieties ha.s been 
tested at three places m Southern California during 1923. Artificial inoculations with 
pure cultures of Fitsarvim lycopersiei as well as naturally infected soils were used to 
test the heh.'ivior of different varietie.s. Consistent results were obtained. Stone 
aiul San Jose Canner iiroved to lx* highly .susceptible. With the former variety as a 
crmtrol, (ilobe, Columbia and .some .selections made in ('alifornia and tested for the 
first tune showed a fair degrei* of resistance Norton, Norduke, Marvel, Louisiana Red, 
Loui.siana Pink, Illinois New (Vntury and a few unnamed selections appeared to be 
very resistant. Several of tlu^si* gave correspondingly good yudds. Perhaps Norton 
wa-i the iruKst promising and is [irobably much superior to Stone for planting on soils 
infected with yilt I’lisanum in California. 

A dts asr of tomatoes caused tnj Phytophthora mexieana sp. now J. W. UoT.soN and 

Lena llAimu]. 

J’hi.s organism was isolated from tomatoes .shipped into Seattle, Wash., from Mexico 
m the early summer ol 1917. (hiltural studies on artiheial media, on the tomato plant 
an<l on the tomato fruit have shown it to be a species hitherto undescribed. This 
const It lit Os the fifth disease that has been reported on tomatoes m the I'nited States and 
doubt ess would become a serious pest if it once became establ shed. The eonidia 
(19-33 X U) 77 g) are produced abundantly and vary greatly in .size and form. The 
oospores are large, the greater number of them measuring 37 m in diameter Only a 
few of those were observed germinating in Van Tieghem cells. » 

Recent advances in dusting weihods Ralph K. Smith. 

Considerable difficulty ha.s been experienced in the commercial preparation and 
handling of nicotine dust on account of the volatile nature of nicotine Nicot ne dust 
is also very expeiLsve in proportion to the content o/ eascnfial ingredien s. It also 
requires the preparathn and handling by dealers of a variety of strengths and com- 
binations in order to meet the varioiLs requirements. The idea of the self-mixing duster 
is to have a dusting machine wdth which the original materials, like nicot ne, lime, lead 
arsenate, sulphur or dry Bordeaux mixture, may be placed in the hopper in any desired 
proportion and the mixing accomplished there m the same operation as that of dusting. 
Any dry, powdered materia may be used, also a iquid ke n cot.ne sulphate solut on 
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when mixed with any dry carrier which will absorb the desired amount of liquid and still 
remain dusty Hydrated lime is the carrier commonly employed for making a plain 
nicotine dust. The mixing action of the self-duster is accomplished by putting an 
agitator into the hopper and passing the dust through the fan. 

Immunity to mildew (Bremia laciucae Reg.) and its inheritance in leMuce. Ivan C. 

Jagoer. 

A large number of varieties of lettuce have been tested and eight varieties found 
which seem entirely immune to mildew in both California and Florida. These varieties 
all appear to be of European origin and in general unsuited to American conditions. 
They have been hybridized with the popular variety Los Angeles Market or New York, 
which is sold on the markets as Iceberg lettuce. This variety is very susceptible to 
mildew. All first generation phints have been immune to mildew, and the few thousand 
second generation plants so far grown have given ratios which approximate three 
immune plants to one susceptible plant. Immunity seems to be inherited as a simple 
Mendelian dominant character. It is expected that hybridization and selection will 
give immune strains of the New York and other popular varieties of lettuce. 

Bacterial slime disease of lettuce. Ralph E. Smith and Elizabeth H. Smith. 

The growing of out-of-door lettuce for eastern and local shipment has increased very 
greatly in recent years. By the choice of different localities for different seasons it 
has been found possible to produce high quality lettuce practically throughout the entire 
year. The crop is grown in Imperial Valley during the winter, in various interior and 
coastward valleys in spring and early summer, and m certain very cool localities close 
to the coast during the summer and fall. In all these localities trouble is being ex- 
perienced with a disease characterized mainly by a tip and edge burn of the leaves, 
running down into a slimy rot of the head. This causes sc^rious losses in the fi<dd and 
in shipment and at times a demoralization of the industry. The disease usually first 
appears when the heads are just beginning to form and reaches its maximum development 
at the maturity of the crop. The occurrence of warm and humid weather appears to 
produce favorable conditions for infection. The imivcrsally grown “Los Angeles “ 
variety is most susceptible. “Big Boston” and “Ice Berg” are less so. The trouble 
is of bacterial nature but has not yet been proven to be due to a single organism. It is 
similar to some of the diseases described by Brown. 

Progress report on curlydop of the sugar beet. Eubanks C’ahsneii and C. F. Stahl. 

The proje(!t of developing a strain of beets resistant to curly-top has received the most 
emphasis from the writers during the past several years. Beets apparently resistant 
have been selected from seriously affected commercial and experimental fields. Seed 
has been grown from these plants with precautions against cross pollination. The 
progeny has been tested by plantings at Riverside, California, where natural infestations 
of the beet leafhopper regularly occur and also by inoculating each individual plant 
by means of viriferous leafhoppers. In the fall of 1921, 2011 and in the summers of 
1922 and 1923, respectively, 2269 and 4403 plants were thus inoculated. These 
numbers include the controls of commercial seed. Marked resistance has been noted in 
some strains. During the current season a considerable number of individual plants 
which w'ere diseased in May or early June developed roots weighing 2 to 5 pounds. 
Plants from ordinary commercial seed usually die-or produce only worthless roots if 



1924] 


Seventh Meeting Pacific Division 


123 


infected so early. A serious handicap has been encountered in the tendency of some 
of the most promising strams to produce seed stalks the first season. This objectionable 
oharacter is thought to result from climatic infiuences. If so, it can be overcome. 

Results with Chenopodium murah are interesting in connection with the question of 
resistance to curly-top. All of our earlier inoculations of this species and most of those 
later have given negative results. In some cases, however, positive evidence that the 
plants contracted the disease has been obtained. A peculiar development in some of the 
positive cases indicates that by passage through this resistant plant the virus may be 
attenuated or modified. 

A recent development of significance in the curly-top problem has been the production 
of the disease by artificial inoculation. This has been done by H. P. Severin. Sub- 
sequently it was accomplished by one of the WTiters. A few positive cases were obtained 
from a considerable number of trials by using expressed juice of diseased beets and also 
small pieces of diseased beet tissue. In view of this development there is more justi- 
fication than formerl}'^ existed for classifymg curly-top as a mosaic disease. 

Curly kaf irant^missum experunenis. Hen'ky H. P. Severijnt. 

Juice pressed from the leaves and roots of curly leaf beets when inoculated into the 
crown of healthy beets caused typical curly leaf symptoms m nine of one hundred beets. 
The period from the date of inoculation until the earliest symptom of curly leaf developed 
varied from 12 to JD days. Non-infective beet leafhoppeis, when allowed to feeiUm the 
inoculated beets after curly leaf d(‘V(iloped, transmitted the disease to healthy beets, 
the earliest symptom appearing in from 2 to 13 days. 

The shortest time reiiuired for the infective principle of curly leaf to travel through 
a beet petiole seven inch<‘s long was on(‘-half hour at a mean temperature of 103.5° F. 
Infective beet leaf hoppers were placed on a beet seedling feeding on the inner or youngest 
leaf, and at the same time non-infective males placed on one of the outer or oldest leaves 
became infective at the end of tsso days, as was proved by transferring them to a 
healthy beet. Similar results wore obtaine<l from one outer leaf to the opposite outer 
leaf and from one cotyledon to the oiitrn* leaf. 

Infective beet leafhoppeis retained their infect ivity during all of the nymphal stages, 
after each molt, and during the entire adult life, as was demonstrated by sup])lying 
each insect with a healthy bi^et daily. 

Mosaic and kaf roll of potatoes in Idaho. (hiAS. W. Hunoebfobd and J. M. Kaeder. 

Mosaic and leaf roll are among the most important and destructive potato diseases 
in Idaho. There are at least three distinct types of mosaic in the state, each apparently 
distinct. The green and pmk rose aphid is plentiful in the potato growing districts 
and experiments have shown that it may transmit the russet dwarf type of mosaic 
under Idaho conditions. Environmental conditions may influence the appearance of 
mosaic in any given seed lot. This may be due to masking of symptoms or to infection 
from local sources. The russet dwarf type of mosaic may appear as slight mottling 
late in the season soon after infection has taken place and progeny from such plants 
may develop very severe advanced stages of the disease. Primary symptoms of leaf 
roll may appear as slight rolling of the upper leaves late in the season on otherwise 
vigorous plants. Progeny from such plants may develop leaf roll in very advanced 
stages. 
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A rooi^rot and yrilt of udo. J. L. Weimer. 

Two diseases of udo (Aralia cordata Thunb.) have been investigated. The roots of 
this plant are sometimes completely destroyed by a soft, wet rot. The infected tissues 
are permeated with hyphae, which soon form numerous black scleroiia within and on 
the surface of the decayed roots. No fruiting stage of the causal fungus has been seen 
but the mycelium and sclerotia appear to be those of Sclerotinia Ubertiana FcL The 
fungus has been isolated and its parasitism proved. The disease has also been produced 
by inoculating udo plants with Sclerotinia Ubertiana from pure authentic cultures. 

The udo is also subject to a wilt disease caused by Vei'ticillium alho^trtim H. & B. 
This disease resembles the wilts produced in other plants by the fungus. The causal 
fungus has been isolated from diseased udo plants and the disease produced by inocula- 
tioas with it from pure cultures. The details of these inve.stigations will be published 
in the Journal of Agricultural Research. 

Invesligotive work on white pine hUater rust in the Pacific Northwest for 1922. J. S. Bovce. 

The disease was probably introducetl on the Pacific Coast in 1910 on a shipment of 
eastern white pines from Ussy, France, w'hich were jilanted at Vancouver, British 
C\)lumbia. It is now widespread in the coast region of British Columbia and Wash- 
ington and has also been found at several places in eastern British Columbia. 

Assuming Vancouver as the principal point, of origin and the date of introduction as 
1910, hi 12 years the rust has extended over a triangle of country roughly 300 miles or 
more on a side. 

Dry growing seasons retard the spread of the rust and wet seasons greatly accelerate 
the spread. All the western species of Ribes and Grossularia so far found in association 
with diseased pines are susceptibl(‘ to infection although in varying tlogroe. Western 
white pine is subject to very severe injury and it seems more susceptible than eastern 
white pine. 

A new disease of cultivated barlep in Cahfornia caused by Hchmnthosporiuni caUformeum^ 

n. sp. W. W. Mackie and G. E Paxton. 

An undescribed species of Hclminthosporium has been observed to be generally 
distributed and abundant, in ('aliforma on cultivated barley. Its period of development 
begins much later than that of other Helinmthosporiura species previously described. 
It appears wdth the warm, dry weather and develops rapidly. The apical ends of the 
h'aves are first attacked and finally a rusty blotch” is formed on the leaves. The 
lower leav(js are first attacked and the disease progresses to the top of the plant. The 
grain is shriveled due to the premature death of the leaves. The spots arc irregular, 
brown to bluish black, usually merging into diffused brownish discoloration of larger 
part of leaf. The spots are not netted (H. t rs), elongated (ff. gramineum), or de- 
finitely bounded dead areas (//. sativum). The conidia of H. calif ornicumy n. sp., are 
dark olivaceous when fully mature; fusiform, not curved; thick w^alled; 40-85 m X 20- 
26 m; average 58 X 22 m; 3-9 septate, (terminate by single germ tube from any seg- 
ment. It resembles //. sativum P. K. & B. except that it occiurs later, is more severe, 
the diseased areas are not definite and have no distinct margins. The conidia are longer, 
wider, more dense, thicker v'alled and not curved. The rusty blotch which has been 
observed for four years in California has been determined to be a new species of Helmin- 
thosporium and has been named H. californicum. It has been increasing in severity in 
the Sacramento and San Joaquin Valleys. Studies carried on show marked varietal 
resistance to this disease. 
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Some dueasee new to California. E. H. Smith. 

The following diseases are report.ed as occurring in California, v^ith brief discussion: 


Kale, Cabbage, and flowering stock 

Raspberry blue stem 

Sweet pea root rot 

Wine grape fruit rot 

Alfalfa stem Nematode 

Asparagus leaf and stem spot 

Almond scab 

Sunflower and Onion crown rot 

Sugar beet 

Watermelon leaf mijdow 


Fusarium yellows. 

{VerticUKwn sp,) 

.(Thiidavia hnsicola [B. & Br.l Zopf.). 

. . . (Botryiis cinerea Pers.). 

. . . {Tylenchus dipsaci Kuhn.). 

(Cercospora sp.). 

iCkdonsporium carpophilum Thum.). 

(Sclerotinia sps.), 

(Rhizoctonia rot). 
iPtronoplnsmopora cubensin [B. & C.]). 



PHYTOPATHOLOGICAL NOTES 

Red plum curl (caused by Exoascus mirabilis Atk.). A serious disease 
of red plums was collected in southern Illinois by Dr. H. W. Anderson 
in 1920 and, in 1922 and 1923, field men working in the Illinois State 
Natural History Survey reported it from seventeen counties in the 
southern and central parts of the state. Usually per cent of the 
twigs on infected trees arci killed. The causal fungus was identified as 
Exoascus mirabilis Atk. (Bull. Torrey Bot. Club 21 : 376. 1894) by Miss 

Anna E. Jenkins of the Federal OflSice of Pathological Collections. Its 
macroscopic characteristics agree closely with those of the very similar 
Exoascus decipiens Atk. as pictured by Swingle and Morris (Mont. 
Agr. Exp. Sta. Circ. 77: Fig. 6. 1918). Infected leaves are partially 

or wholly distorted. They are greatly thickened and mostly uncx- 
panded, merging imperceptibly into irregularly spatulato and greatly 
hypertrophied twigs. Infected twigs are green at first, later drying and 
becoming gray to black. Infected tissue resembles that of plum pockets 
and becomes brittle when mature and dry. Red plum curl is not of 
great economic importance in Illinois because no large quantity of 
plums is growm for the market here. — Paul A. Young. 

On the names Sclerotinia sclerotiorum (Lib,) Massee^ and S, libertiana 
FuckeL Both in the United Slates and Europe there is a large and in- 
creasing volume of literature on this common and fairly omnivorous 
parasite, with, however, a discrepancy in nomenclature which seems to 
require explanation. 

American papers, almost without exception, refer to the fungus as 
Sclerotinia libertiana Fuckel, and in the latest of these (^‘Taxonomy of 
the Sclerotinia on Helianthus annuus L."' by Mrs. Seymour Jones, in 
Phytopathology XIII, Nov. 1923, p. 496), the name S. sclerotiorum, 
under which the fungus is generally known in this country, is definitely 
relegated to a subordinate place as a synonym of S» libertiana. 

Enquiry into the history of the species shows at once, however, that 
the reverse is the case. 

The fungus was distributed in 1837 by Madame Libert in her PI. 
Crypt. Arduennae. Fasc. IV, No. 326. The name Peziza sclerotiorum 
was given to it, and was accompanied by a Latin description, the whole 
constituting perfectly valid publication. Fuckel in his Symbolae My- 
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cologicae (ISGO-TO) transferred the species to his genus Sclerotinia, and at 
the same time changed the name to Lihertiana^\ presumably merely 
because he disliked the combination S- sderotiorum, Fuckel left no 
doubt as to his plant, for he cited as synonyms Peziza sderotiorum Libert 
and another name of his own, P. Sderotii Fuckel. 

Now this name-change by Fuckel is definitely contrary to the rule 
embodied in both the American Code and the International Rules of 
Nomenclature, and now generally accepted, namely, that when a species 
is transferred from one genus to another the original specific name is 
retained, unless the resulting combination is already preoccupied. In 
the case of S. sderotiorum there was no such previous use of the com- 
bination, because Fuckel himself proposed the genus. Consequently 
according to all the rules of nomenclature at present accepted there is 
no justification for the perpetuation of Fuckel’s name. 

As a matter of fact nearly all other European wT)rkers have adopted 
Madame Libert^s specific name. Gillct in 1879 called it Phialea sdero-’ 
tioruyn, and Phillips in 1887 put it in Ilynienoscypha (sub-genus aScZc- 
rotinia) sderoHoruni. Boudier however adopted FuckeFs name. 

The actual c-ombinatioii Sderoiinin sderotiorum was apparently first 
used by Massee in Vol. IV of his British Fungus Flora (1895) and has 
been retained in all English pathological literature since.— Elsie M. 
Wakefield, (Kkw). 

H. Morstati, Einfiihrung in die Pflanzenpaihologfe. Pp. 157. 1923. 

The book comprises a complete, though short treatise, of the subject of 
plant pathology, embracing, however, not only the study of phyto- 
pathology proper, but also of entomology in so far as the latter is related 
to th(‘ study of plant diseases. The work naturally divides itself into 
four parts: (a) symptomology. (b) aetiology, prognosis and diagnosis, 
(c) the causes of plant diseases, and (4) disease control. Under symp- 
tomology, the writer treats general disease manifestations such as: 
wilting, discoloration, necrosis, structural malformations, and outlines 
the procedure to be followed in the description and investigation of 
plant diseases. The second chapter, which is by far the most interesting 
assembles concisely, yet thoroughly much recent information on the 
nature of plant diseases, the significance of predisposition and immunity, 
the inheritance of resistance, and the contributions made by studies in 
pathological anatomy and physiology. The chapter on causes is a 
synopsis of disease producing bacteria, fungi and animal parasites. 
Under inanimate causes are considered the effects of unfavorable weather 
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and soil conditions, smoke, gas and spray injuries. The chapter on 
disease control recommends such practices as are generally employed 
in plant pest control in America. The book furnishes a valuable com- 
pilation of recent developments and views upon which progress in the 
science of plant pathology is being made. It will be useful to all students 
of the subject for its complete and authentic treatment of the principles 
of plant pathology. — Ernst Abtschwageb. 

Personals. The Department of Agriculture of Bermuda has appointed 
its first permanent Plant Pathologist, in the person of Mr. Lawrence 
Ogilvie. Mr. Ogilvie is a graduate of Aberdeen University, Scotland. 
He has done graduate work in Botany and Entomology in the University 
of Cambridge. I desire to enlist for Mr. Ogilvie the assistance and 
co-operation of American Plant Pathologists. Reprints, bulletins and 
other publications bearing on plant diseases will be especially helpful 
for this young Pathologist in his first position. — H. H. Whetzel. 

Dr. F. Dickson of Cornell University is assuming a position as Pro- 
fessor in the Department of Botany, University of British Columbia, 
Vancouver, B. C., Canada. 

Dr, Arthur S. Rhoads, Pathologist of the Missouri State Fi’uit Ex- 
periment Station, has accepted the position of Assistant Plant Pathologist 
of the Florida Agricultural Experiment Station. 


The January number of Phyiopaihology um issued February 11, 1934. 
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John Asbury Elliott was bom in a sod house on the prairies of Western 
Kansas, December 1, 1887, near the little village of Ness City; he died 
January 18, 1923, at Washington, D. C., to which city he went directly 
after attending the A. A. A. S. meetings in Boston. His boyhood was 
spent largely on a farm near the place of his birth. I can understand 
every motive that prompted his love for the wild flower, the hop toad, 
the arrow top, the buffalo trail, the migrating bird, the creeks, the ponds 
and the prairies. He used to say to his mother, “I don’t see why anyone 
can live anywhere but on the prairie, it is so beautiful. ” His interest 
for plants and birds never left him; his love for nature was so great 
that the glare of the Metropolis never tempted him. As “sidewalks 
tend to produce city mindedness” so likewise one born in the lap of 
nature is lead naturewards. 

In the fall of 1909, he entered Fairmount College, of Wichita, Kansas, 
and received his Bachelor’s Degree with the highest honors in 1913. 
As an undergraduate he majored in botany. The year following gradua- 
tion he held a fellowsliip in botany at the University of Kansas, and 
received his Master’s Degree in 1 914. The next two years he was a Fellow 
in Plant Pathology at the University of Illinois, and was awarded the 
degree of Doctor of Philosophy in 1916. In all the institutions he 
attended he was recognized as a student of remarkable ability. Dr. 
Elliott began his career as As.sociate Plant Pathologist at the University 
of Delaware. In the summer of 1917, he was elected Professor of Plant 
Pathology in the College of Agriculture and Plant Pathologist of the 
Experiment Station of Arkansas, which position he held at the time of 
his illness. 

Dr. Elliott was married to Miss Margaret Elizabeth Allen of Wichita, 
Kansas, on June 10, 1916, He is survived by his wife and two children. 

Professor Dwight Isley, Associate Entomologist in the College of 
Agriculture, Arkansas, made the statement:— “As an investigator. Dr. 
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Elliott was characterized by a thorough appreciation of the fundamentals 
of his science, coupled with common sense. By this somewhat rare 
combination, he avoided both the narrowness and isolation so often 
associated with the technical specialist and the superficiality which some- 
times characterizes the practical worker. His mind was broad enough 
to comprehend at the same time both the basic and applied aspects of 
the problem. One or two illustrations since coming to Arkansas will 
illustrate this: 

‘^Onc of the first problems undertaken by Dr. Elliott was the pre- 
vention of losses which sweet potato growers suffer annually, due parti- 
cularly to two diseases known as black rot and wilt. It was established 
that both these diseases were spread by infected seeds and slips. Accord- 
ing to the practice then in vogue, anyone buying seed or slips had no 
protection from these diseases but was likely at any time to introduce 
them into his field. At Dr. Elliott^s suggestion, the situation was met 
by a system of seed certification by the State Plant Board, of which 
Dr. Elliott as Plant Pathologist was a mem])cr. 

“Sweet potato certification, for which Dr. Elliott was in large part 
responsible, is based not only on sound pathological sense, but also on a 
sense of human nature. It provides for an inspection of sweet potato 
fields which, if they pass inspection, may be certified for seed. The 
inspection is entirely voluntary and is made only at the request of the 
seed growei-s. Compulsoiy inspection would have failed. Purchasers 
may then, if they choose, buy seed or slips that are free from disease. 
This plan of seed certification has been eminently successful in pro- 
tecting the sweet potato industry of Arkansas, and has been copied by 
the Plant Boards of most of the Southern states. 

“Dr. Elliott’s most important investigative achievement from the 
point of view of prevention of economic loss, was in relation to the control 
of the boll rots by delinting cotton seed. Boll rots of cotton cause the 
South an annual loss of perhaps 10 per cent of the cotton crop. In a 
state like Arkansas in which the cotton crop means 40 per cent of the 
state’s wealth, such a loss is no mean item. Nearly all the boll rots are 
either directly due to or are instigated by a cotton disease known as 
angular leaf-spot. The relation of this organism to boll rots was first 
established by Dr. Elliott. The ability required to solve this phase of 
the problem is clearly shown by the fact that for many years southern 
pathologists had failed in its solution, Delinting cotton seed, and thus 
destroying the organism carried on the lint, was first tried as a means 
of control in the laboratory and then on plantations in various parts of 
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the state on a larger scale. While it maj'’ be several years before the 
value of planting of delinted seed will be generally recognized by the 
cotton growers of the state, the financial returns to the cotton belt, due 
to this discovery, will amount to millions of dollars annually. 

In the short period of six years, Dr. Elliott published a score or more 
of papiers, including the following: 

A study of the histological variations of Qurrcus mu}\lenhergii . Univ. of Kansas Sci 
Bull. 9: 43-54. IH. /5. 1914. Bibliography, p. 54. 

An Altcrnaria on Sonchus. Bot. CJaz. 62: 414-410. 1910. 

The sweet potato “Soil Hof' or “Pox,” a slime inol<l (hsea.se. Delaware Agrie. JOxp 
Sta. Bull. 114. Jin y., n pL, Li Jig. 1910. 

Taxonoinie eharaeters of the genera Altcrnaria and Maerosporium. Anier. Jour. Bot. 

4 : 439-470. PL 6 Jig. 1917. Literature cited, p. 474-475. 

The oonduc'tion of potassium cyanide in plants. Phytopath. 7 : 143-44S. 2 Jig. 1917. 
Arkansas peach diseases. Arkansas Agnc. Exp. Hta. Bull. 149. .9 p., 5 pi. 1918. 
Storage rots of sweet potatoes. Arkansas Agric. Exp. Sta. Bull. 144. 1 /j p., 4 pL 1918. 
A smut on Iresine. ]Mycologia2: 87-88. 4 Jiff ^ 1919. 

A mosaic of sweet and red clov(‘rs. Phytopath. 11: 140-148. 1921. 

ArkaiKsas cotton diseases. Arkan.sas Agrie. Exp. Sta. Bull. 173. p., 7 pi. 1921. 

Literature cited, p. 15. 

A new' As(^)chyta disease of cotton. Arkansas Agrie hixp. Sta. Bull. 178. IS p., 4 pl-i 
1 Jig. 1922. Literature cited, j). 18. 

Some characters oT the southern tuckahoe. Mycologia 14 : 222 -224. PL !7 -18. 1922 

Lih^rature cited, p. 227. 

The spread of tomato wilt by infected seed. Idiytopath. 12 : 428-434. PL 28, 2 fig. 
1922. Literature cited, ]>. 434. (Joint author with H F. Crawford.) 

His unpu])lishcd manuscript included several titles; two important 
ones of these are, “A Cytological Study of Ceratostomella fimbriaia 
(E. & H.) Elliott. The Breeding of Wilt Resistant Varieties of Toma- 
toes for Arkansas. 

Dr. Elliott was a member of the American Association for Advance- 
ment of Science, American Botanical Society, American Phytopat holo- 
gical Society, American Society of C'ollep:o Professors; he was elected 
to the honorary society Sigma Xi. 



OVERWINTERING OF TOBACCO WILDFIRE BACTERIA IN 

NEW ENGLAND 

P. J. Anderson 

One of the most l)affling characteristics of the wildfire disease in the 
Connecticut V’^alley is its sudden and widespread recurrence every spring 
in the tobacco seed-beds. How do the bacteria from which the epiphy- 
totic starts each year come into so many seed-beds? Where have they 
been during the six or eight months of winter, when everything is frozen 
up and there are no green leaves on which to live? Obviously the correct 
solution of this problem is of great importance to the pathologist who 
is seeking a better method of controlling wildfire. His first impulse is 
to say that the bacteria must be in the soil; but sterilization of the seed- 
bed soil is the rule with tobacco growers here and yet those who sterilize 
do not escape with much less infection than those who do not sterilize. 
In a previous publication (1:4)^ Anderson and Chapman have presented 
sufficient reasons for believing that infected seed does not account for 
any large percentage of the trouble. Work on the overwintering problem 
was begun very soon after the disease appeared in Massachusetts, but 
although certain ways in which the organism might pass the winter were 
found, none of them seemed sufficient to account for a widespread 
simultaneous initial appearance of the disease such as we have experienced 
in the early spring for the last three years. 

During the winter of 1922-23, the writer continued this investigation 
and believes that he has been able to add somewhat to our previous 
knowledge of the wintering problem. The experiments and his conclu- 
sions from them are presented in this paper. 

EFFECT OF ALTERNATE FREEZING AND THAWING 

In a previous publication (1:3) it has been shown that the bacteria 
are able to withstand considerable periods of freezing. But it is con- 
ceivable that alternate freezing and thawing might be more destructive. 
Neither was it proved in the previous experiments that they were still 
capable of producing infection after being frozen, when transferred to 
healthy plants. In order to determine these points, agar cultures were 
placed out doors in December and kept there during one of the most 
severe winters which New England has experienced in forty years. 

^ First number in parentheses refers to publication cited at close of this article; second 
number to page cited. 
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During the spring months they frequently thawed and were again frozen. 
At various times during the spring and summer of 1923 bouillon was 
poured into some of the tubes and in the majority of cases it clouded 
within a few days, indicating the multiplication of the bacteria. Typical 
lesions of wildfire were produced when tobacco plants were sprayed with 
these bouillon cultures. The last culture was tested and found to be 
still virulent after almost a year. The fact that the bouillon did not 
cloud in all cases indicates that a part of the bacteria were killed. 

These results show that all the organisms are not killed nor rendered 
innocuous even during the most severe winter here. When, under 
certain conditions to be described below, they fail to survive the winter, 
it cannot be due merely to the unfavorable effect of freezing or of alter- 
nate freezing and thawing. 

WINTERING IN THE CURING SHEDS 

In May, 1923, diseased leaves were collected every week from the 
floor of a tobacco shed where they had been thrown when the tobacco 
was stripped during the winter. When these leaves were pulverized 
and dusted over wet growing tobacco plants the typical disease was 
developed at every lest. Similar experiments conducted at different 
times by the writer (1 :7) in Massachusetts and by Slagg and Chapman 
(1:7) and by Clinton and Mc(.'ormick (2:417) in (Connecticut invariably 
gave the same results. The ease and certainty with which virulent 
cultures have been taken from these cured leaves by every investigator 
proves that the bacteria must live over in great numbers and in virulent 
condition in the sheds. Such experimental data, strengthened by 
considerable observational evidence, incline the writer to believe that 
here is the principal source of the spring infection. 

But after it has been demonstrated that the shed in which wildfire 
tobacco has been stored is full of potential contagion, the next step is 
to inquire how abundant are the opportunities for such infectious material 
to reach the seed beds or young plants in the field and thus start the 
spread of another year. Several ways in which this may be brought 
about have been mentioned in a previous publication (1:7). Additional 
observations have confirmed the suggestions made there and have un- 
covered other methods of accomplishing the transfer. In wildfire years 
it has been a common practice when the tobacco is stripped and put 
in the bundle to throw out the badly spotted leaves in order to avoid 
a cut in the price of the crop. The discarded leaves arc cither left on 
the floor of the shed or are carted out later. If left on the floor, they are 
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tramped over throughout the winter and spring and fragments of them 
carried on the shoes to all parts of the farm. Frequently wagons and 
tools are stored in the shed and on the wheels and tools, other fragments 
are carried out to the land. Even when the discarded leaves are carried 
away, broken parts are left on the shed floor and may be carried out in 
the same way. The carted-out leaves are usually thrown somewhere on 
the land. The chance of infection starting from these leaves thrown back 
on the land will be discussed presently. The minutest fragment of a 
leaf may be sufficient to start trouble in the beds. Such fragments may 
be blown by the wind from the loose sheds or from the loads of tobacco 
which are being carted away or from tools, etc. The same rake with 
which the discarded leaves are removed from the floor of the shed is 
often used in preparing the seed-bed. When one stops to consider the 
many possible waj^s in which the infected material from the shed may 
reach the new plants, one is not surprised at the abundant spring infection 
but wonders rather how any of the plants in the vicinity can escape. 
In several fields, the Arriter has observed field infection starting close to 
the tobacco shed, while the remainder of the field was clean. The 
inference from such cases is obvious. The tobacco shed undoubtedly 
furnishes the ideal winterquarters for Bacterium iabacuni, 

WINTERING IN LEAVES THROWN BACK ON THE LAND 

It has just been stated that discarded spotted leaves are sometimes 
carted back onto the land. Such a case was investigated on a farm in 
South Amherst. After the owner stripped the tobacco in the late fall 
or early winter of 1922 he carted the refuse leaves out to land which he 
did not intend to use for tobacco. Here they remained all winter on the 
land“-under the snow through a considerable part of the winter — but 
were not disintegrated by decay. On April 24, masses of them which 
were very badly weather-worn but on which the lesions were still visible 
were ground up and dusted on young plants. Wildfire lesions were ap- 
parent on .these plants within ten days, thus demonstrating that the 
bacteria had survived under these conditions. Part of the material was 
placed back on the soil to be tested later. On the 31st day of May it 
was examined again and found to be pretty well rotted. Attempts to 
inoculate young plants with it were unsuccessful. Apparently the bac- 
teria had died when the leaves rotted. 

In the face of the positive evidence which we now have there could 
hardly be any doubt but that the bacteria survive the winter in such 
leaves which are not disintegrated. Being thrown out on the land, even 
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if it is not to be planted to tobacco, they could be blown easily to fields 
where tobacco is grown. 

OVERWINTERING IN PLANTS LEFT STANDING IN THE FIELD 

Occasionally badly diseased plants are not harvested but left standing 
in the field. Also, after the tobacco is harvested, suckers grow rapidly 
and if the fall is late may reach a height of two or three feet. In the 
wildfire years of 1921 and 1922 wildfire was extremely abundant on these 
suckers. In order to determine whether diseased plants like thcvse which 
die and remain standing in the field through the winter might serve as 
a source of spring infection some badly diseased plants were left standing 
in a South Amherst field through the winter of J 922-23. On April 23 
and on later dates up to May 25, some of the leaves from these plants 
were ground and dusted on to young plants. The results were positive 
in every test. Lesions developed on every inoculated plant. The leaves 
on these wintered plants were not disintegrated but remained dry and 
intact except that they wore somewhat shredded and blown away by the 
wind. Under these conditions the organisms seem to be able to survive 
excellently. Such plants could very easily serve as centers of infection 
for the coming year. 

wintering in LEAVF:S buried in the SOIL 

When tobacco leaves are buried, they disintegrate so rapidly that 
within a few weeks hardly a trace of them can be found. It w^as there- 
fore found necessary to bury them between wire screens in order to be 
able to locate them when dug out again. In August, 1922, a quantity 
of very badly diseased leaves was buried in tins way and left until May 
7, 1923. When dug up, only small traces of leaves between the screens 
could be found but these traces and adhering soil were rubbed on wet 
punctured tobacco plants in the greenhouse. The same thing was 
repeated three limes later up to June 13. None of the inoculated plants 
ever showed a trace of wildfire. 

In a second experiment diseased leaves were chopped in a box of soil 
until the mixture was about 50 per cent leaves. This box of soil wias • 
then left outdoors all winter. Beginning on April 24, 1923, portions of 
this soil were rubbed on tobacco plants as in the preceding experiment 
but always with the same negative results. Tobacco seed was also 
planted in this soil on two different occasions. Only in one instance did 
any infection result and that one was late in the summei and there was 
good evidence that it came from a different source. Disregarding this 
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one case, all the other evidence indicates that the bacteria do not survive 
in these leaves which rot in the soil. Green leaves were also placed 
on top of the soil in September, 1922, with the intention of testing for the 
presence of bacteria in the spring of 1923 but they rotted so completely 
that no trace of them could be found in the spring. 

WINTERING IN THE SOIL 

We have presented abundant evidence (1:6) to show that the wildfire 
bacteria may exist for short periods in the soil and infect other plants 
from this source. But this does not mean necessarily that they are able 
to pass the winter in the soil. What little evidence we have on soil winter- 
ing is contradictory and not convincing. In the bulletin cited above 
we have presented the evidence on both sides and closed with the state- 
ment that the evidence is not convincing. Clinton and McCormick 
(2:376) correctly state that ^^we have very little convincing data along 
this line.” 

In Massachusetts Experiment Station Bulletin 213, p. 6, we have 
described an experiment in which the bacteria were kept in flasks of 
previously sterilized soil in pure culture from July, 1921, to March, 1922 
and were still able to produce infection. In this experiment however 
the soil was not exposed to the weather but was kept in the laboratory 
and the soil was dry. Even in this experiment when the soil was kept 
too wet, they died before the expiration of the experiment. 

In December, 1922, the above experiment was repeated but the flasks 
of soil kept outdoors during the winter. Some of this soil was placed on 
tobacco plants on April 23 and produced infection. The experiment 
was repeated on May 8, and on June 14. Infection resulted in every case, 
thus demonstrating that the bacteria can survive the winter when kept 
in pure culture in previously sterilized soil. But in natuie they are not 
in pure culture. In order to more closely duplicate natural conditions, 
flasks of soil which had not been sterilized were inoculated and kept 
outdoors for the same length of time and under the same conditions as 
those previously mentioned. Inoculations were made at the same time 
as the above but no infection resulted in any case. The soil in these 
flasks was a little more moist (probably because of the drying effect of 
sterilization); otherwise the conditions were the same. This experi- 
ment leads one to suspect that the wildfire bacteria are killed by competi- 
tion with other organisms. 

In another experiment soil was collected from beneath the worst 
infected plants which could be found in the fall of 1922, kept over winter 
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outdoors and then rubbed on young plants in the spring. The inocula- 
tion was repeated a number of times but with consistent negative results. 
Seed was also planted in this soil but the plants never showed any infec- 
tion. 

In another experiment soil was taken from the base of the infected 
plants which were left standing in the field all winter in South Amherst. 
All attempts to inoculate with this soil resulted in failure. 

In another experiment soil was taken from beneath the diseased leaves 
which had been thrown l)ack in the field previously mentioned in South 
Amherst. No infection could be obtained from this soil. 

The previously mentioned box of soil in which diseased leaves were 
chopped must have been teeming with bacteria but no infe(;tion in the 
spring resulted from rubbing this soil on wet punctured tobacco leaves. 

Every attempt which the writer has made to get infection from 
unsterilized wintered soil lias failed. 

The fact that clean crops were grown on some fields during 1922 which 
had grown diseased crops in 1921 is in line with these data. The fact 
that in some fields wildfire has been observed in approximately the same 
location during successive years may be accounted for by sucker wintering 
or — in some cases at least — by proximity to tobacco sheds. 

The evidence for soil wintering is so overwhelmingly negative that 
we are probably justified in concluding that in New England the wild- 
fire bacteria do not winter in the soil or at most that this is a very 
minor source of spring infection. 

wintering on the sash and sideboards 

Some evidence has been published previously (1 :14) to show that 
the bacteria may remain alive on sash or on plank used for sideboards 
and thus become a source of infection in the spring. The evidence how- 
ever is not conclusive. The following experiment was conducted during 
the winter of 1922-23 to determine whether the organism on dry wood 
such as the sideboards or sash may survive the winter and infect in the 
spring. In December, small blocks of pine wood were sterilized and 
then soaked in a pure culture of the bacteria. After a few hours, the 
blocks were removed from the cultures and kept in plugged test tubes 
outdoors all winter (an extremely severe winter). During April, May 
and June cultures were obtained from these blocks and the disease readily 
produced from these cultures. There arc two ways in which the condi- 
tions in this experiment are different from those which might prevail 
on the farm. In the first place the bacteria were in pure culture, i. e., 
there were no other organisms on the wood. In the second place, the 
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blocks froze up before they were very dry and remained so until they 
thaw’ed out in the spring. When however it is recalled that sash and 
plank may be stored under all gradations of moisture and that long desic- 
cation (c. g., in leaves) does not kill the bacteria, it seems hardly likely 
that the conditions which were necessary for the experiment should 
influence the interpretation of the results. 

All the evidence at hand from laboratory experimental data and from 
field observations too numerous to describe here indicates that sash and 
plank which have become contaminated by the growing of diseased 
beds or by being stored in or near sheds where diseased tobacco is 
stored may be regarded as sources of danger for the following crop. 

WINTERING WITH THE SEED 

In the South, the pathologists consider the seed as the principal 
carrier of bacteria from one season to the next. They therefore place 
especial emphasis on seed sterilization as a control measure. Reasons 
for believing that this is not an important source of spring infection in 
the Connecticut Valley are presented in a previous publication (1:4). 
In an effort to sec whether a case of seed transmission could be found 
here, the seed plants in many fields were examined in the autumn of 1922. 
No infected pods were found except in one field in North Hadley. In 
this case the leaves of the plants were badly spotted and some lesions 
which were thought to be wildfire were on the pods. Such pods were 
gathered, dried and stored in a stoppered flask in the laboratory. In 
the spring they were threshed out and sprinkled over wet punctured 
leaves in the greenhouse but no infection resulted. 

In a second experiment the pods of some plants in the greenhouse 
were punctured and inoculated from pure cultures during the autumn 
and abundant infection resulted. These pods were harvested and kept 
just as those previously mentioned. In the spring some of them were 
ground in a mortar and sprinkled on wet punctured leaves as above 
but with negative results. When however some of them were sowed, 
the resulting seedlings became infected while a plot of seedlings treated 
exactly like them but from disease-free seed, remained healthy. Here 
seems to be good evidence that if the bacteria arc in the pods, they may 
live over and produce infection in the succeeding crop. There is no 
reason for believing that they vrould not live over in dry pods just as 
easily as in dry leaves. Pod infection has been seen so rarely in the 
Connecticut Valley tobacco section however and most growers are so 
careful not to save seed from diseased plants that the writer is not inclined 
to believe that this is an important source of spring infection. 
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SUMMARY OF WINTERING EXPERIMENTS 

The writer^s experiments and observations for the last throe years 
seem to warrant the following conclusions as to the conditions under 
which the wildfire bacteria pass the winter: 

1. ^ They winter most successfully in situations where they are not 
subjected to keen competition from the growth of other organisms, 
principally in fairly dry situations; e. g., in cured leaves in the barn, 
leaves on plants standing in the field or thrown on the ground too late 
to rot, on boards, sash and dry fragments of pods. 

2. They winter least successfully under conditions which are moist 
enough for the growth of competing organisms; e. g., in leaves in the 
ground or other situations where they decay, and in the soil. 

PRACTICAL APPLICATION 

In view of the conclusions just stated we may make the following 
recommendations to the grower: 

1. If there has been wildfire in the field, plow under all leaves and 
stubble (before sowing tlie cover crop) as soon as the to])aeco is removed. 
This will give all leaves and other harbingers of the pathogen an opportu- 
nity to become thoroughly decayed. 

2. Do not leave diseased plants or suckers standing on the field during 
the winter. 

3. Guard against the escape of infectious mateiial from the barn 
where diseased tobacco has been hung. This is perhaps the most 
important source of spring infection. 

4. If sash or plank have been stored in a barn where diseased tobacco 
is hung or if they have been used on an infected bed of the previous year, 
they should be sterilized. 

5. If seed is saved from pods known to be free from disease, there is 
no advantage in sterilizing the seed. 

6. If the above mentioned precautions are observed, there would seem 
to be no reason why a clean crop of tobacco cannot be grown on the same 
field which grew a diseased one during the previous year. 
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HYPOXYLON POPLAR CANKER 
Alfred Povah' 

With One Figure in the Text 
INTRODUCTION 

There are but three canker diseases of poplars for which the pathogen 
is known, viz., bacterial canker caused by Micrococcus popuK Del. (1), 
European canker caused by Dothichiza populea S. & B. (2), and Cytospora 
canker caused by Cytospora chrysosperma (Pers.) Fr. (3). The first two 
are indigenous to Europe and up to the present time only the second 
has been introduced into this country. The third disease is recorded 
only for the United States, being very common in the Southwest. It 
also occurs in New York State (4). The fungus grows commonly as 
a saprophyte on twigs and logs along the beach at Evahston, Illinois. 
It seems rather strange that the fungus is not parasitic in Europe where 
it has been known for a long time. 

The subject of this article is a new canker disease of poplar which 
was found by Dr. L. H. Pennington in Essex County, New York. Dur- 
ing the summer of 1920 field studies of the di.sea8e were made in the Town 
of Lewis, Essex County, New York. 

DISTRIBUTION OF THE DISEASE 

In Essex County, the poplars — Populus tremuloides Alichx., P. 
grandidentata Michx. and P. balsamifera L. — are noticeably affected 
with this disease which eventually kills them. The mortality runs as 
high as twenty-seven percentage. Dr. Pennington has found this same 
canker disease in Oswego County, N. Y. 

In October, 1920, this disease was found by the writer on P. tremuloides 
in a thicket near Pontiac, Oakland County, Michigan. This patch of 
woods was in low, wet ground and the principal species of trees and 
shrubs were: P. tremuloides, Salix sp., Acer rubrum L. and Ilex verti- 
cillata (L.) Gray. Approximately one half of the quaking aspens were 
infected and fifteen to twenty per cent killed. 

Mr. J. Elton Lodewick, in a letter .to the author from Orono, Maine, 
writes: “All along the west bank of the Penobscot River between Orono 
and Oldtown the canker is quite common — not so much so as in Lewis 

' Grateful acknowledgment is hereby made by the writer to Dr. L. H. Pennington 
for suggesting the problem to him and for aid in various ways. 
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Y.), but still common enough to be noticeable. P. tremuloides seems 
to be most infected, though it may only appear that way because that 
(Pi'tremuloides) is more abundant than P. grandidentata, P. balmmifera 
which grows mixed with trembling aspen along the river shows no 
cankers.” 

From the fact that we have the disease recorded from Maine, northern 
and central New York and Michigan, it seems quite probable that 
careful search will show that it occurs throughout the north-eastern part 
of the United States. 


DATA ON SAMPLE PLOT IN ESSEX COUNTY, NEW YORK 

In August, 1020, a survey of a sample plot in Lewis, Essex Co., N. Y., 
was made to determine the extent and importance of the disease. The 
area selected was chosen with regard to the amount of poplar rather 
than the prevalence of the disease. It is believed, therefore, that it repre- 
sents the average condition in that region in a stand where poplar is 
dominant. The arborescent species in the plot, given approximately 
in the order of their abundance, were: P. tremuloides ^ P. halsamijera, 
Pinus Strobus L., P. resinosa Ait. and Betula alba var. papyrifera (Marsh.) 
Spaeh. A plot measuring one chain square was staked out and all the 
poplars in it were calipered. In determining the diameter breast high 
(D. B. H.) the usual practice was followed, i. e., the one inch diameter 
class includes all individuals up to and including those 1 .5 inches in 
diameter! the two inch class, l.b— 2.5 inches in diameter, etc. 


Number 

of 

trees 

2 

2 

2 

4 

3 


13 


TABLE I,— Condition of Popuhns balsavufera in sam,ple plot, 

D. B. H. 


in 

inches 

3 

3 

4 

5 

6 


Trees 

in- 

fected 

0 

1 

1 

0 

0 


Tn'cs 
not in- 
fected 
2 
1 
1 
4 
3 


Killed 

t>y 

canker 

0 

0 

0 

0 

0 


Still 

living 

1 

1 

2 

4 

3 


Dead 

other 

causes 

1 

1 

0 

0 

0 


11 


0 


11 


A glance at tables 1 and 2 will show that there were thirteen balsam 
poplars and ninety trembling aspens in the plot. We note also (table 1 
that only two of the former were infected and neither of these were killed 
bv the Hypoxylon canker. This is interesting in that it ^rees with 
•what Mr. Lodewick has observed in Maine. Of the quaking aspens, 
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however, 33 trees, or 37 per cent, were infected and 24 trees, or 27 per 
cent, were killed by the disease. 

Table 2 shows that there is a correlation between age and suscepti- 


bility, i. 
This is 

e., the smaller the tree, the more susceptible it is to the disease- 
shown more graphically in table 3. 

TABLE 2. — Condition of Populm irentidotdea in sample plot. 

Number 

D. B. H. 

Trees 

Tn-cs 

Killed 

Still 

Dead 

of 

in 

in- 

not in- 

by 

living 

other 

trees 

inches 

feeted 

fe(‘ted 

canker 


causes 

13 

1 

() 

7 

C 

3 

4 

18 

2 

9 

9 

7 

8 

3 

21 

3 

7 

14 

5 

16 

0 

15 

4 

0 

9 

3 

12 

0 

14 

5 

3 

11 

1 

13 

0 

7 

0 

2 

5 

2 

5 

0 

1 

7 

0 

1 

0 

1 • 

0 

1 

8 

0 

1 

0 

1 

0 


<)() 33 57 24 59 7 


TABLE 3. — Relation between age and infection. 


Percentage 

Percentage 

D. B. 11. 

infected 

killed 

in inches 

10 0 

7 5 

2 

7 5 

5 5 

3 

6 5 

3 5 

4 

3 5 

1 0 

5 

2 0 

2 0 

6 

0 0 

0 0 

7 

0 0 

0 0 

8 


Wc can also note that susceptibility decreases as the tree grows older, 
so that if a tree is not infected before it reaches a diameter of seven 
inches it is relatively safe from infection. Probably this is to be ex- 
plained by the increasing thickness of the periderm. 

DESCRIPTION OF THE DISEASE 

The disease is a trunk canker that occurs either low down or high up 
on the tree. In one instance measurement showed the lesion to be thirty 
feet from the ground. It is rather interesting to note that thus far cankers 
have been found on the bole only and not on the branches. Quite 
commonly infection results in the formation of an eccentric stem due to 
the killing of the infected region and the continued growth of the healthy 
portion of the trunk. 
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At first the diseased regions appear as small, slightly discolored, sunken 
areas which increase in size until they coalesce forming a canker, de- 
fiquted by vertical cracks. On large trees, the lesion attains a length of 
several feet before girdling the trunk. In one tree studied, the canker 
-estended for ten feet encircling the stem except for a strip one and one- 
half inches in width. Ultimately the disease kills the tree by girdling it. 

As the canker develops, the diseased region takes on a grayish color 
in which occur black patches due to the superficial periderm flaking off 



Fia, 1. Hypoxylon poplar canker after bark has been removed showing: A, normal 
wood; B, discoloration; (^, mycelial fans. 

and exposing the blackened cortex within. Scattered over the lesion are 
the stromata of Hypoxylon pruinatum (Klotsche) Cke.^ 

A transverse section of the diseased bark shows it to be composed of 
wide bands of a black, soft substance alternating with narrow, light- 
colored firm bands. The former are layers of cortex filled with the 
^Uu^k«-brown hyphae of the fungus. The pale bands are layers of peri- 
deitn which is not attacked because of its suberized walls. When the 
bark is peeled from a canker, the limits of the diseased area are shown 

* Material was submitted to Dr. C. L. Shear who confinned the author^s identification. 


144 


Phytopathology 


[VOLif#* 


by a blackening of the sap wood. The margin of this discoloration i» 
irregular and vertically elongated in attenuated points between whMb 
are fans of whitish mycelium, resembling somewhat those of the chesti|Mb 
bark disease, but differing in color. 

Figure 1 shows the discolored wood and the fans of white myceliiii® 
on the sapwood of P. grandidentata after the bark has been removed. 

DISCUSSION 

The following synonymy of the fungus is given by Ellis and Everhart 
(5). 

Sphaeria pruinata Klotsch. 

RoselHnia pruinata Sacc. 

Hypoxylon Holwayii Ell. 

Hypoxylon pruinatum Cke. 

According to these authors, H. Holwayii differs from H. pruinatum 
in that surrounding the stroma and standing out obliquely like a 
coarse fringe, are short, coarse, black, bristle-like teeth, like the teeth 
of a Hydnum or Irpex. This curious growth also arises from the surface 
of the inner bark for some distance around the stroma, soon throwing 
off the epidermis and leaving the blackened surface of the inner bark 
exposed. 

In our specimens the bristly appearance is found commonly but not 
constantly. In some cases it is due to the presence of small perithecia 
protruding from the inner bark in which they are formed, little or no 
stroma being present. Sometimes the same spine-like appearance is 
obtained by the breaking down of the perithecia leaving the jagged 
remnants of stroma and perithecial walls. In still other cases the dark 
teeth proved to be the more persistent parts of the inner bark left pro- 
jecting after the softer part has been decayed. 

It seems logical, therefore, to follow Ellis and Everhart in considering 
H. Holwayii as a synonym of H. pruinatum. Accordingly we have the 
range of the disease extended as the type material of H. Holwayii was 
collected in Iowa. 

It is hard to account for the fact that this disease, which is common 
and striking in appearance has passed unnoticed up to the present time. 
Hartley and Hahn (6) in their paper on aspen diseases note three types 
of cankers. Type II might well be the Hypoxylon canker rather than 
of bacterial origin as these authors suggest. In figure 3 in their article, 
the broken tree shows plainly the mottled appearance so characteristic 
of the Hypoxylon Disease. 
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SUMMARY 

A new canker disease of poplars has been found in New York and 
Michigan, and has been reported to the writer from Maine. 

The pathogen is Hypoxylon pruinatum (Klotsche) Cke. 

A field study in Essex County, New York, showed that over 36 per 
cent of the trembling aspens were infected and over 26 per cent killed 
by the disease. 

Younger trees are more susceptible than older ones. No infections 
were found on trees larger than six inches in diameter. 

The disease is a trunk canker and ultimately kills the trees by girdling 
them. 

The lesion is manifest by slight discoloration of the hark and delimited 
by vertical cracks. 

The sapwood is blackened, the discoloration extending vertically in 
attenuated points. On the darkened area are fans of whitish mycelium. 
Department of Botany, 

Northwestern University, 

Evanston, Illinois. 
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parabasal body was L6 microns, from the parabasal body to the anterior 
margin of the nucleus 1.8 microns, and from the posterior margin 
of the nucleus to the posterior tip of the body 8.8 microns. The length 
of the flagellum was very variable. Sometimes it exceeded the length 
of the rest of the body (See figure 6), but more often it was rather short. 
Occasionally leishmania forms were observed. 

Figures 1 to 6 show typical flagellates from smears of the latex of the 
milkweed. Several successive stages of division are included. 

Sections were prepared of the tissue of the seed pod, where the her- 
petomonads were very numerous. The individuals were so crowded 
together in the latex tubes that they were difficult to study, but frequently 
at the edges of the section and elsewhere very favorable views of the 
organisms were obtained. 


NOMENCLATURE 

A similar species was found in 1916 by Migone (3) in Paraguay in the 
latex of Araujia angustifoKa (Gris.), a common milkweed. He gave 
it the name Leptomonas Elmassiani. Later Franga (1) studied his mate- 
rial of this species and compared it with L. Bordasi and L. Davidi^ both 
of which are larger in size. His measurements are shown in table 2. 

The flagellate from the Baltimore milkweed corresponds very well in 
size and morphological characteristics with the measurements here 
given by Franga for L, Elmassiani Migone. This name should be written 
Herpetomonas elmassiani (Migone), for the genera Leptomonas and 
Herpetomonas were united in 1884 by Biitschli, the first reviser, under 
the name of Herpetomonas. Perhaps for the present the flagellate from 
the Baltimore milkweed may be considered to be Herpetomonas elmassiani 
(Migone), since morphologically and physiologically it seems indis- 
tinguishable from the species first observed in Paraguay by Migone. 

SUSPECTED INSECT CARRIER 

A red and black hemipterous insect, Oncopeltus fasciatus (Dali.) was 
found closely associated with the infected plants. It is suspected of 
being the insect carrier of the flagellates. Plants on which it was found 
were, with but a single doubtful exception, positive. It was moreover 
associated with the majority of the infected groups studied, at the time 
they were examined. Both adults and nymphs of this species contained 
at times in their intestinal tracts flagellates such as are represented in 
figures 7 to 10. It will be noted that these flagellates are larger and more 
variable in size than the organisms in the plant, but that they are very 
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similar in general appearance. Their short forms are well within the 
range of size of the plant form. 

In the late summer when these flagellates were first found, the infected 
plants were decidedly yellower than the seedlings, or uninfected second 
year plants. The yellowing may have been due to the flagellosis, as the 
latex was modified from a smooth creamy fluid to a watery emulsion of 
organisms. 

Since the flagellates were not found until the last of August, it was 
not possible to carry out suitable transmission experiments this season 
to determine the exact standing of Oncopeltus fasciatus (Dali.) as a carrier 
of the flagellate, nor to attempt mechanical transmission from infected 
to uninfected plants. No effort was made to grow the organism in pure 
culture or to study its life history in detail. My studies on the effect 
of Herpeiomonas elmassiani (Migonc) on the health of the host plant are 
also necessarily incomplete, but because of the general interest in the 
subject of protozoa in plants it seems desirable to report the discovery 
of these organisms in the United States at this time. 

SUMMARY 

A flagellate infection of milkweed (probably Aaclepias syriaca L.) 
was discovered during the autumn of 1923 near Baltimore, Maryland. 
The flagellates correspond fairly closely to those properly known as 
Herpeiomonas elmassiani (Migone), described in 1916 by Migone in 
Paraguay. So far as is known this is the first report of such organisms 
in the United States. 

A red and black hemipterous insect, Oncopeltus fasciatus (Dali.) is 
suspected of carrying the flagellates from plant to plant. 
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Description op Fkiures 

Figures 1-6. Herpetomonas ebnasHumi (Migone) from the latex of plants of a milk- 
weed growing near Baltimore, Md. X 3000. /. flagellum, ant. anterior end of body, 
p. 6. parabasal body, n. nucleus, pout |>osterior end of body. 1 and 2, Typical flagellates 
showing approximate position of organelles before division. The twist in the body of 
the second example is very characteristic. 3. Beginning of division. Parabasal body 
double. 4. Nucleus dividing. Cleft in (‘ytoplasm. 5. Division of the organelles com- 
pleted. Division of the body in progress. 6. A small individual with unusually long 
flagellum. Figures 7 to 10. Flagellates from the intestine of Oncopeltu.'ifasciatits (Dali.). 
X 3000. 7, Flagellate of about average size, showing characteristic twist in the nbbon- 
like body. Except in its greater size it much resembles the flagellates from the latex 
of the milkweed. 8. Broad form in ivhich division of the parabasal body and nucleus 
has already been completed. At this stage it is characteristic that one daughter nucleus 
should be farther from its parabasal body than the other. 9, A long form w ith more 
twists than it is usual to see among the plant flagellates in the latex smears. 10. A 
rather short individual, well within the length range of Ilerpetoniona^ dmassian i (M igone) . 




BOTKYTIS CINEREA IN ALASKA 


J. P. Anderson 
With Plate III 

The importance of Botrytis einerea Pers. as a plant pathogen in Alaska 
seems to justify a somewhat more detailed statement as to its occurrence 
and host relations than was contained in the writer’s earlier publications 
on the fungi and plant diseases (1, 2, 3) of that territory. Observations 
extending over a period of more than nine years, much of which has 
been spent in the practical cultivation of ornamental plants, truck crops, 
and small fruit in South-east Alaska, has convinced the writer that 
B. dnerea is by far the most serious fungous parasite in that region. It 
is well within the observed facts to state that more than three-fourths of 
all the fungous injury to cultivated plants in South-east Alaska is caused 
by Botrytis. 


REASONS FOR THE PREVALENCE OF BOTRYTIS 

The climate of the Pacific Coast region of Alaska is characterized by 
mild winters and cool summers accompanied by much cloudy and rainy 
weather. At Juneau, where the writer has spent most of the last seven 
years, the average annual precipitation is 76.5 inches, June being the 
driest month and October the wettest. The warmest month, July, has 
a normal average temperature of 57.9° F. The cool moist climate seems 
to be especially favorable for the development of Botrytis. While it 
occurs at all seasons and is liable to do damage during long spells of cool 
rainy weather, even in midsummer, it reaches its maximum development 
in the fall, the period of greatest precipitation. These observations of 
the writer as to the relation of temperature and moisture to the develop- 
ment of Botrytis agree with those of Stevens and Wilcox (4, 5) on straw- 
berries and of Thomas (6) on tomatoes. 

The influence of dampness is well illustrated by the behavior of the 
fungus in the greenhouse. During long periods of cloudy weather with 
little or no sunshine the air in the greenhouse becomes saturated with 
moisture, and if fires are ndt started so as to dry the atmosphere most 
of the plants will soon be ruined. The writer has found that the best 
methods of control are by drying the air and removing the parts of 
plants that are infected or liable to become infected. 



1924] 


Anderson: Botbytis in Alaska 


153 


METHOD OF INFECTION 

The writer has never observed a single instance in which green vigorous 
leaf tissue has been directly infected by spores of B, cinerea even when 
spores were so numerous that thousands must have lodged on every leaf. 
Dying plant parts are readily infected as are mature fruits and the 
petals of flowers. Under very favorable conditions for the fungus the 
petals are often -infected before the flowers open, causing the buds to 
decay. 

After a vigorous mycelium has been developed on a flower petal or 
other susceptible plant part it spreads readily to healthy tissue with 
which it may come in contact. No species of flowering plant seems to be 
immune from its ravages, especially under greenhouse conditions. Even 
liverworts and mosses become infected where infected portions of 
flowering plants fall on them. Conidia develop rather sparingly on 
Bryophytes and Pteridophytes. 

HOST RELATIONS 

Among Spermatophytes, although no species is immune, there is con- 
siderable difference in susceptibility. Fruits of the blueberries (Vaccin- 
ium) are infrequently attacked, while the fruits of the salmonberry 
{Rubus spectabilis) are sure to become covered with the gray mold 
characteristic of Botrytis. The earlier ripening fruits may not be 
attacked for a week or two but conidia from the early fruits become 
abundant enough to attack the later fruit soon after ripening. It is 
interesting to note that as the fruit dries the Botrytis has a tendency to 
disappear and other fungi may develop, especially Cladosporium her- 
barum (Pers.) Lk. The fruit of the cultivated strawberry (Fragaria sp.) 
is very generally attacked by Botrytis species. Dr. N. E. Stevens of 
the Bureau of Plant Industry, has reported to the writer that during 
August, 1922, more than two-thirds of the decayed strawberries found 
by him in the fields at Haines and Sitka, and in the market at Juneau, 
contained Botrytis alone. 

Although the writer has collected Botrytis on more than one hundred 
hosts he is convinced that a single species is common to all. This is 
shown by the fact that, whenever infected parts of one, host species come 
in contact with a second host, infection of the second host by the fungus 
readily occurs. This cross-infection is very common and is illustrated 
in the accompanying plate. 
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OENBRA. OP plants ON WHICH BOTBTTI8 HAS BEEN COLLECTED IN ALACSU 

These Ere all represented by specimens in the writer's coUecthm at 
Juneau. Some of the genera are represented by more than one species. 

Spermatophytes— Abutilon, Agave, Amelanohier, Amoridiophalhis, 
Antirrhinum, Api'um, Artemisia, Asparagus, Begonia, Beilis, Bres^ea, 
Calceolaria, Calendula, Callistephus, Chamaenerion, Campanula, C^* 
ranthus, Chrysanthemunl, Citrus, C<oleu8, Coreopsis, Cucumis, Cuphea, 
Dahlia, Dianthus, Dimorphotheca, Echinopanax, Erigeron, Esch* 
Bcholtzia, Euphorbia, Fragaria, Fuchsia, Geranium, Gladiolus, Godetia, 
Grevillea, Grossularia, Helitropium, Hibiscus, iBppeastrum, Hosta 
(Funkia), Hydrangia, Iberis, Lactuca, Lantana, Lathyrus, ligularia 
(Farfugium), Linaria, Lobelia, Lonicera, Lychnis, Lycopersicum, 
Matthiola, Melissa, Mimulus, Myrsiphyllum, Nepeta, Nicotiana, 
Oenothera, Oxalis, Papaver, Pelargonium, Phaseolus, Phlox, Pisum, 
Poa, Potentilla, Primula, Prunus, Bheum, Rhinanthus, Ribes, Rosa, 
Rubus, Sambucus, Senecio (Cineraria), Solanum, Tagetes, Thymus, 
Tradescantia, Tropaeolum, Tulipa, Vaccinium, Vicia, Viola, Zebrina, 
Zantedcschia (Calla), Zinnia. 

Pteridophytos — Athyrium, Cyrtomium, Nephrolepis. 

Bryophytes — Lunularia. 

Botrytis dnerea Pers. is supposed to be the conidial stage of Sclerotinia 
fwkeliana (DeBy.) Fd. but the writer has never found the ascigerous 
stage, and has found sclerotia only a few times. . Several years ago 
sclerotia developed abundantly on some cabbage in a cellar. Some of 
these were brought into the greenhouse and later developed dense masses 
of conidia but no apothecia. 


BVMHABY 

The cool damp climate of the Pacific Coast region of Alaska is especi- 
ally favorable for the development of Botrytis dnerea, which is much 
the most destructive fungus to living plants observed there. 

Although generally considered a weak parasite and certainly not ca- 
pable of infecting vigorous green leaf tissue by conidia, it grows readily 
into healthy tissue from previously infected weaker portions. 

It attacks nearly all species of plants but there Is a difference in sus- 
ceptibility of various species, "rhere seems to be but one common 
species in Alaska which passes r^dily from one host to another. The 
ascigerous stage is seldom or never formed in Alaska but sclerotia Are 
sometimes found. 
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It is mofe destructive to garden and greenhouse plants than to native 
species. Removing affected plants or parts of plants, together with 
drying the atmosphere, are the most efficient methods of control in the 
greenhouse. 
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Dbscbiption of Plate III 

A. Leaf of Rvbus spectahilis infected with Botrytis cinerea from fallen floral parts of 
EpUchium angustifolium, collected in September, 1922. B. Cyclamen infected from 
Fuchsia. C, Caila infected from Pelargonium domesticum. D. Pelargonium peUatum 
infected from Benecio cruentus. E. Pelargonium domesticum infected from Begonia 
semperJIorejis. B, C, D, and E are from artificial inoculations made by placing infected 
portions of plants on sound, healthy leaves of other species. All from photographs 
made by Winter and Pond Company. 



THE RELATION OF TEMPERATURE AND HUMIDITY TO 
TOMATO LEAF SPOT (SEPTORIA LYCOPERSICI SPEG.) 

F RKD J. P RI TC B A BD A ND W.S.POBT* 

With Platb IV and Nine FiaoRRS in the Text 
INTRODUCTION 

As tomato leaf spot, or blight (PL IV), causes an average annual 
loss of approximately 250,000 tons in the yield, and corresponding reduc- 
tions in the quality, of commercial tomatoes in the United States, the 
relation of temperature, humidity, or any other factor, to its develop- 
ment and control is both interesting and important to the tomato grower 
and the manufacturer of tomato products. The present paper is con- 
fined to a discussion of the temperature relations of the parasite and 
host, and the temperature and humidity relations of the disease, with 
suggestions for leaf spot control based on temperature relations of the 
parasite. 

Tomato leaf spot is quite widely distributed east of the Rocky Moun- 
tains and is common and destructive in the Middle Atlantic and Middle 
Western States, but is apparently absent in the Pacific Coast region. 
Its distribution has usually been assumed to be conditioned by atmos- 
spheric humidity. In fact, we know from the inoculation of more than 
a hundred thousand tomato plants in our selection experiments for resist- 
ance to leaf spot that the number of infections always increases with 
the relative humidity of the air. However, the fact that leaf spot is 
absent on the Pacific Coast and is only sparingly present in the North 
Atlantic and Gulf States, where the relative humidity is very high, 
would indicate that temperature or some other factor plays an important 
part in its distribution. We have therefore investigated the temperature 
relations of the leirf spot fungus {Septoria lycopersici) in order to deter- 
mine to what extent they affect its development and in what way, if 
any, they may be made use of in the application of control measures. 

MATERIAL AND METHODS 

The temperature relations of the fungus in culture were determined 
by means of a Paul Altmann’s Incubator. This t^paratus consists of 
20 (chambers, each provided with a pan of water for maintaining high 
humidity and a thermometer for reading the temperatures. A circulating 
water system in which the water is heated by electric coik controlled by 
thermostats at one end of the series and cooled by ice at the other is used 
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to keep the chambers at different relatively constant temperatures. 
The ai^iaratus was kept in an insulated room cooled to about 22** C. 
by means of ice. The temperature of each chamber remained fairly 
constant during the experiments, usually varying less than 1° C., but 
the difference between the temperatures of adjoining chambers varied 
from 1“ to b’* and averaged approximately 2®, 

The temperatures were read daily and averaged for each chamber. 
The experiments on the optima and maxima were run from 2 days to 
2 weeks, depending on the rapidity of growth, those on the minima, 
one month. The average temperatures obtained by this method are 
therefore only approximately correct but are accurate enough for most 
practical purposes. 

The culture media used in the experiments on growth temperatures 
were cornmeal and commeal agar; in the experiments on sporulation 
temperatures, fairly dry commeal. 

TBMPSBATURB BSLATIONS OF SBPTOBIA LYCOPSBSiCI IN CULTUBE 

The following growth temperatures were obtained for Septoria lycoper- 
dd in culture: minimum 35°, optimum 77°, and maximum 94° F. In 
flask cultures the lowest temperature at which growth was visible by 
means of the unaided eye was 42.8° but in hanging drops it was dis- 
cernible by means of the microscope at 35°. As scarcely any growth was 
obtained at approximately 43° F. in a month’s time, very little growth 
would be made by this fungus outdoors in the spring of the year below 
45°. Although the fungus grew best at 77°, it grew well between 54° 
and 82°. 

There was considerable difference between the range of temperature 
for growth and the range for spomlation. Although the optimum for 
the latter was ,the same as for growth, viz. 77°, the minimum was 59° 
and the TnAriirmm 80.5°. The relation of these sporulation temperatures 
to the development and distribution of leaf spot and to means for its 
control will be discussed in another part of this paper. 

TBMPEBATUBB BELATIONS OF THE HOST 

The optimum range of temperatures for the growth of tomato plants 
detmrnined by Clayton* (2) is 77° to 86° F. Although these temperatures 
apparently give the best vine growth, they are higher than are commonly 

‘ nw troiperstures determined by Clayton were soil temperatures but the average 
t empt ra tu w of the first few incbee of soil do not differ materially from the temperatures 

tke air for the same locality. 
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used for growing tomatoes under glass. It would therefore seem that 
lower temperatures are more favorabfe' for the production of fruit. 

The optimum temperature for the prddtiction of tomato fruit can be 
determined approximately, at least, froPi statements of experienced 
gardeners and from weather bureau and field reco;rds on temperatures 
and 5 delds. For greenhouse crops of tomatoes, Iggulden (4) recommends 
a temperature of 50® to 55® by night and 60® to 65® by day; Greene (3) 
60° at night and 70® or 75° during the day. About 60° F. is also recom- 
mended by the ^^Fruit, Flower^ and Vegetable Trades^ Journal. (1) 
These temperatures are somewhat lower than preferred by Watts (6), viz. 



Fig. 1. Areas of tomato production for commercial purposes. 

80® to 90® during the day and 15® to 20® lower at night, but approxi- 
mately the same as recommended by Mayer.* Mayer, who is in charge 
of the (U. S. Government) Experimental Greenhouses at Arlington, 
Virginia, has had much experience in growing tomatoes at a considerable 
range of temperatures and is very skillful in growing tomatoes and other 
crops under glass. His recommendation of 60® to 65® at night and 65® 
to 70® in the daytime as the best for forcing tomatoes is probably not 
far from the optimum. 

'This recommendation by August Mayer was given to the writers verbally. 
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t The data for Florida is omitted because it can not be put into this table but its omission does not alter the results. 
* Los Angeles. 

** Sacramento. 
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The optimum temperature for the production of field crops of tomatoes 
has been determined from the average monthly temperatures of the 
tomato areas of each state (Mo. Wea. Rev. V. 49, No. 11, 1921 and Year 
Book of the U. S. D. A. 1921, p. 462) as shown in figs. 1-7. The average 
length of the growing season was estimated from the average dates of 
the last killing frost in the spring and the first killing frost in the autumn 
(Climatology of the XJ. S. Bull. Q, plates 19 and 20) and the average 
yields of tomatoes per acre (1918-1921) were calculated from the data 
in Wea. Crops and Markets, V. 1, No. 6, Feb. 1922, p. 116. These results 
are summarized in table 1. 

As shown by the above table, the average daily temperature during 
the growing season varied from 57® in the State bf Washington to 75® 
in Oklahoma, Mississippi, Texas, Alabama and New Mexico. The 
average daily temperature of all these localities is approximately 69® F. 
but even the highest daily temperature, viz. 75®, is lower than the 
optimum range for vine growth (77®-86®) found by Clayton (2). 

With one exception, viz. Ohio, all the average yields of 5 tons or more 
per acre were obtained where the average daily temperature during the 
growing season was 65® or less. There are a few cases of low temperatures 
where relatively low yields were obtained, viz. Minnesota, Wisconsin, 
and West Virginia, but in at least two of these states yields are often 
reduced by frosts. Pertinent at this point is the following quotation 
from Climatology of the United States, Bulletin Q, p. 33: “Light 
frost during the latter part of August is not an unusual occurrence over 
Michigan, Wisconsin, Minnesota, the Dakotas, and Montana. ” In fact, 
the coldest September of record for Wisconsin was in 1918 (a year of 
this yield period) and the yield of tomatoes for the state averaged only 
0.9 tons per acre. 

‘ In correlation table 1 made from the above data the relation of 
temperature to yield can be seen more clearly: 

In table 2, a high inverse correlation exists between yield of tomatoes 
per acre and average daily temperature during the growing season. 
Owing to the wide area on which these tomatoes were grown, however, 
and the differences in soil fertility, soil moisture, and climatic factors 
other than temperature, it is uncertain how much of this correlation is 
due to the effect of temperature on yield and how much to some other 
factor, particularly soil fertility, incidentally correlated with temperature. 
For this reason the coefficient of correlation was not calculated. How- 
ever, it would seem that temperature rather than soil fertility is the 
predominating cause of this correlation, since only medium to low 3 rield 8 
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were obtained on the rich soils of Illinois, Iowa, Kansas, and Nebraska, 
where medium high temperatures prevail. Moreover, in regions where 
the fertility of the soil is low fertilizer is usually added to make up the 
shortage. This would tend to overcome the effects that would otherwise 
arise from differences in soil fertility. 

As shown by table 2, the highest yields were obtained at or below 65® 
and the lowest at or above 72®. Moreover, it would appear from this 
table that 65® is the optimum temperature for the production of tomatoes. 


TABLE 2 — Correlation between yield of tomatoes per acre and average daily temperature 
during the grouping season. 



It is not surprising that the optimum temperature for vine growth is 
different from that for yield of fruit, for excess vine growth usually results 
in the development of very little pollen and a poor set of fruit. As is 
commonly known, a good set of fruit is quite as essential as favorable 
growth factors for the production of high yields. 

HELATION OF TEMPBHATUIIB TO THE DEVELOPMENT OF THE DISEASE 

It was shown by Pritchard and Porte (5) that in tomato plants sus- 
ceptibility to leaf spot is correlated with rapidity of growth. Although 
differences in rapidity of growth in these experiments were caused by 
different kinds and quantities of fertilizer, susceptibility to leaf spot 
was independent of the kind or quantity of fertilizer used except as it 
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affected growth. Within certain limits therefore it is quite likely that 
rapid growth induced by temperature would have a similar relation 
toward leaf spot. Since the optimum range of temperatures for the 
growth of the tomato plant is 77° to 86° and the optimum range for the 
growth of the fungus 54° to 82°, the optimum for the disease would 
apparently occur where these ranges overlap. 

RELATION OF TEMPERATURE TO THE DISTRIBUTION OF LEAF SPOT 

It is evident from an examination of fig. 5 that the percentage losses 
from tomato leaf spot are heaviest in the Middle Atlantic and Middle 
Western States. Witliin this area leaf spot reaches its maximum develop- 
ment in the states bordering the Atlantic Coast and decreases gradually 
westward. It is of very little importance in the northern and southern 
tiers of states and is apparently absent in the Pacific Coast region. 

Within the Middle Atlantic and Middle Western States leaf spot 
develops most rapidly in July, August, and the fore part of September. 
The chief development occurs in a temperature belt of 73° to 78° F. 
(figs. 4-5) . This probably explains why leaf spot docs not appear in the 
tomato regions beyond the Rocky Mountains as the temperatures are 
too low. It also explains why it is relatively unimportant in New York, 
Michigan, Wisconsin, Minnesota, and the Dakotas. The temperature 
conditions in the Gulf States would seem to inhibit the development 
of pycnidia and spores of Septoria lycopersici in the fields before June, 
unless the plants were infected in hot beds, cold frames, or other sheltered 
places. Although tlu? mean monthly temperature for April in central 
Georgia, Alabama, Mississippi, and Texas is 65°, pycnidia and spore 
development would take place very slowly at this temperature, which 
is little above its minimum, viz. 59° F. In May the mean monthly 
temperature for this area is more favorable, viz. 73° (fig. 2), but in June 
it is approximately 80° (fig. 3), while the maximum temperature for 
sporulation is 80.5°. In July and August (figs. 4-5) the temperature is 
still higher in these states. Because of these cool spring and high summer 
temperatures the leaf spot fungus has little opportunity to sporulate 
and spread. In September (fig. G) the mean monthly temperature for 
this area is 75° but in October it is only 65° F. (fig. 7). Hence the failure 
of Septoria lycopersici to cause much damage in the Gulf States is 
apparently due to the shortness of favorable periods of temperature 
for the successful development of pycnidia and spores. 
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RELATION OF RELATIVE HUMIDITY TO THE DISTRIBUTION OP LEAP SPOT 

A belt of uniformly high relative humidity along the coasts of the 
United States averages about 75 to 80 per cent at all seasons of the year. 
A somewhat similar amount occurs in the Great Lakes region. From 
the Great Plains eastward to the Atlantic Coast the amount varies 
between 70 and 75 per cent without much seasonal variation. 

It is obvious from an examination of the humidity charts for July 
(figs. 8~9)/ which also shovr percentage losses from leaf spot,* that New 
Jersey, Delaware, Maryland, and Virginia have a higher relative humidity 
than states farther west in the same temperature belt; also that North 
Carolina, Kentucky, and Tennessee have a higher relative humidity 
than Illinois, Iowa, Missouri, and Kansas. These relative humidities 
are correlated with leaf spot losses. Septoria leaf spot therefore develops 
best in a very moist atmosphere but its distribution, as shown by its 
absence on the Pacific Coast and only sparse presence along the Gulf 
of Mexico and North Atlantic Coast, is conditioned more by temperature 
than by humidity. 

EFFECT OP TEMPERATURE ON THE CONTROL OP LEAF SPOT 

Since the high minimum sporulation temperature (59'^ F.) of Septoria 
lycopersici greatly retards its development in the spring, the growing 
of earlier crops of tomatoes offers at least a partial means of escaping it. 
Some of the large companies manufacturing tomato products have al- 
ready begun the growing of earlier crops by the use of southern-grown 
plants. Although the use of such plants is attended with the danger of 
introducing other diseases, especially wilt, it insures an earlier start 
for the crop, a shorter period of leaf spot attack, and a cooler temperature 
in the early part of the season when the first blossoms form. Cool 
temperatures appear to check vegetative growth and induce fruiting. 
Fruit set in the first cluster also checks vine growth. Hence this practice 
of using southern-grown plants seems sound, but if sufficient precautions 
are not taken it may result in bringing in plants infected by leaf spot 
and early blight, which would cause an earlier outbreak of these diseases. 

The protection of the late crops of tomatoes from leaf spot would seem 
to depend on measures for preventing the overwintering of the fungus. 
Because of the retarding effect of spring temperatures on the sporulation 
of Septoria lycopersici^ leaf spot does not usually appear on tomatoes 

‘ From Mo. Wea. Rev. 60: 575-581. 1922. 

* Calculated from Plant Disease Survey Records (Plant Disease Bulletins). 



1924 ] 


Peitchabd and Pobte: Tomato Leaf Spot 


165 


in the field in the Middle Atlantic and Middle Western States before 
the middle or latter part of June. Effective measures for preventing its 
overwintering would greatly reduce the number of early infections in 
the field and retard its spreading. Thoroughly plowing under all the 
old tomato vines in the fall or early spring and planting the land to a 
non-cultivated crop without bringing any of the vines to the surface 
while preparing the seed bed will destroy the leaf spot fungus on them. 
Experimental data, which will be published later, show that this fungus 
can not live in the soil. 

As the leaf spot fungus also infects potatoes, eggplants, horse nettle, 
Jimsoil weed, and a number of other wild Solanums and probably other 
weeds, all of these hosts should be kept off tomato land, as otherwise 
the fungus would overwinter on them. 

The avoidance of tomato seedlings grown in hot beds, cold frames, or 
other sheltered places infested by Septoria or brought from unknown 
sources also helps to prevent the spread of the disease. In fact, the seed 
bed, becauvse of its sunny location, well manured soil, and protection 
from winds, is warmer than the exposed fields and consequently is often 
the source of early infections, although the disease may not be apparent 
when the plants are set out. 

Because of the temperature limitations on the production of spores 
and the consequent late appearance of the disease in the fields, except 
when carried there from the seed bed, such means as outlined for pre- 
venting the development and spread of leaf spot can be made effective 
without much expense. 
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Fig. 2. Average monthly temperature for May and percentage of tomato crop 
destroyed by leaf spot {Septoria lycopersici) from 1918 to 1921. 



Fig. 3. Average monthly temperature for June and percentage of tomato crop 
destroyed by leaf &poi {Septaria lycopersici) from 1918 to 1921. 
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Fig. 4. Average monthly temperature for July and percentage of tomato crop 
destroyed by leaf spot {Septoria lycopersid) from 1918 to 1921. 



Fig. 5. Average monthly temperature for August and percentage of tomato crop 
destroyed by leaf spot {Septoria lycopersict) from 1918 to 1921. 
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Fig. 6. Average monthly temperature for September and percentage of tomato crop^ 
destroyed by leaf spot {Septoria lycopersid) from 1918 to 1921. 



Fio. 7. Average monthly temperature for October and percentage of tomato crop 
destroyed by leaf spot (Septoria lycopersid) from 1918 to 1921. 
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Fig. 8. July average relative humidity, 8 a. m., 75th meridian time, and percentage 
loss of tomatoes from iSeptoria leaf spot (1918-1921). 



Fig. 9. July average relative humidity, 8 p. m., 75th meridian time, and percentage 
loss of tomatoes from Septoria leaf spot (1918-1921). 





GRAPE RUST IN FLORIDA 

C. L. S H E A R 

Owing to the great interest recently shown in grape culture in Florida 
any information in regard to the occurrence, relative importance and, 
control of diseases, should be useful, especially in view of the fact that, 
according to the writer^s observations in the past three years, fungus 
diseases are one of the chief factors in determining the commercial success 
of grape-growing in that State. Anthracnose, black rot and mildew 
have heretofore been regarded as the most serious diseases to be con- 
tended with in this region. Observations made by the writer on about 
thirty varieties of grapes being grown in the vicinity of Orlando, Florida, 
show that there is another disease which is perhaps more serious under 
some conditions than any of those already mentioned. We refer to the 
grape rust, Physopella viiis of Arthur in the North American Flora, 
{Phakospora viiis (Thiim.) Syd.) at least so far as the Florida material 
he includes under his name is concerned. 

This is probably the same rust referred to by Burger in the Annual 
Report of the Florida Agricultural Experiment Station, for 1922, as 
found at one place in Florida. ^'The infection was slight but the dif- 
ferent varieties showed differences in susceptibility.'^ Dr. Weber of 
the same station in a report to the Plant Disease Survey mentions finding 
the rust at several places in South Central Florida. How long it 1ms 
been present there on cultivated grapes is not known. 

A discussion of the identity, synonymy and distribution of this rust 
would make an interesting chapter alone. We have not the necessary 
information, however, at present to settle these questions, therefore, 
we must leave them until a later time and a more appropriate place. 
Arthur gives the distribution of this rust as Florida, South Carolina, 
Cuba and Japan. Sydow also reports it from Jamaica in addition to 
the localities given by Arthur. The oldest name, Uredo viiis Thiim., 
was based on material collected by Ravenel on Vitis^ vinifera at Aiken, 
South Carolina. Viala, however, states that he has examined Thiimen’s 
and Haveners specimens and finds that they bear no rust whatever; 
but show simply some abnormal conditions of the host cells giving these 
cells somewhat the appearance of rust spores. Suffice it to say here that, 
whatever the original name or synonymy of this fungus may be, it is 
fairly well covered by Arthur's descriptions, so far as the Uredo stage 
is concerned, and this thus far is the only stage we have found on either 
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the wild or cultivated grape in Florida.^ This rust is very common on 
the wild grape, Vihs munsoniana^ from Orlando south, and has been 
collected and observed by the writer in many localities in Florida where 
this grape occurs. As to its northern distribution, we cannot say, except 
that we have not yet observed it on Vitis rotundifolia anywhere in North 
Carolina, South ('arolina, or Georgia. 

What appears to be this same rust was found in abundance on practi- 
cally all of the varieties grown in the Orlando vineyards. At the time 
of our visit, November 10, 1923, most of the varieties had been almost 
completely defoliated by the rust, and we were informed by the super- 
intendent of the vineyard that defoliation began three or four weeks 
previous. Judging from the very small amount of vine-growths made by 
most of the defoliated plants, the injury must have commenced much 
earlier in the season. Most of the vines had produced only short shoots 
with short nodes, which were certainly not capable of producing a 
profitable crop of grapes next season. A few of the varieties showed 
considerable resistance to the rust, or at least were able to hold their 
foliage and to make a rather satisfactory growth of bearing wood for 
another season. Among these were the varieties Fern, Blondin, Wonder, 
Royal, and (.armcn. The latter variety seemed best able to withstand 
the attack of the rust of any of the varieties observed. This is very fortu- 
nate, as the Carmen has proven one of the most successful varieties at 
present grown in Florida. Judging from the effect of one or two seasons' 
injury by rust, most of the varieties would soon be so dwarfed and stunted 
as to produce little or no fruit. Since spraying for the control of rust 
has never been a practical success in other cases, there is little hope for 
any great benefit in this case. Of the other diseases mentioned, anthrac- 
nose is apparently the most serious at Orlando. While this disease can 
be satisfactorily controlled by pruning, dormant treatment with lime 
sulphur and three or four applications of Bordeaux during the growing 
season, the conditions of development of the vines in Florida make it 
necessary to make a much greater number of applications of fungicide 
to secure results, as there is no uniformity of development of different 
vines. Individual vines start growing at different times and this condi- 
tion, combined with the great length of season, makes successful spray- 
ing very laborious and expensive. 

Bureau of Plant Industry, 

Washington, D. C. 

'Since this was written specimens showing telia and teliospore^ associated with the 
uredinia have been leceived from Florida. 



RECOMMENDATIONS FOR THE IMPROVEMENT OF 
OFFICIAL INSPECTION FOR CROWN-GALL 

F. C. S T B W A B T 

During the past year a committee consisting of two plant pathologists, 
representing the American Phytopathological Society; a horticulturist, 
representing the American Society for Horticultural Science; a nursery 
inspector, representing the American Association of Economic Ento- 
mologists; and a nurseryman, representing the American Association of 
Nurserymen, have made a study of crown-gall and crown-gall inspection 
with a view to the formulation of recommendations for the improve- 
ment of present methods of official inspection of nursery stock for crown- 
galL 

Following the crown-gall symposium at the recent Cincinnati meeting 
of the American Phytopathological Society this committee submitted 
the following report which was formally adopted by the Society at its 
business meeting on December 31, 1923: 

HEPOHT OP COMMITTEE ON CBOWN-GALL INSPECTION 

1. Owing to the wide distribution of Bacteriwn tumefaciens, the large 
number of its host plants, and the difficulty of detecting all affected plants, 
official inspection of nursery stock for the purpose of preventing the 
dissemination of the crown-gall organism is unwarranted. The sole 
object of crown-gall inspection is to prevent the sale and planting of 
stock which will not produce a normal crop. If it be assumed that all 
plants affected by crown-gall are unfit for planting no method of official 
inspection is adequate protection for the planter, because of the nature 
and wide distribution of the causal agent. Inspection regulations should 
be framed with these things in mind and a clear distinction should be 
made between crown-gall and malformations due to excessive callousing, 
cultivation injury, woolly aphis, and nematode injury. 

2. The amount of injury done by crown-gall varies greatly with dif- 
ferent species of plants and, in some cases, even with different varieties 
of the same species. Also, it appears to vary somewhat with the character 
of the soil, methods of culture, and climatic conditions. Accordingly, 
it is impracticable to have uniform inspection regulations for all kinds of 
plants or for all parts of the United States. 

3. In each state the extent of the injury done by crown-gall to the 
principal economic plants grown in the state should be accurately deter- 
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mined and the findings used as the basis of inspection regulations. 
Generally speaking, the persons best qualified to do this are the plant 
pathologists and horticulturists of the Agricultural College and the 
Agricultural Experiment Station. They should be consulted freely by 
those in charge of nursery inspection. 

4. In general, the injurious effects of crown-gall have been over esti- 
mated, particularly in the case of the apple. Crown-gall injury is least 
pronounced in the northern and northeastern portions of the United 
States. 

5. Crown-gall inspection regulations should describe fully, and as 
accurately as may be possible, the symptoms shown by plants to be 
rejected. To say that ^^all plants visibly affected by crown-gall will 
be rejected” is not sufficiently explicit. Hair-splitting methods of in- 
spection are unnecessary and should not be permitted. Considerable 
tolerance should be allowed. 

6. Field inspection for crown-gall is unreliable. The only worth-while 
inspection is that made at the packing shed or at the point of destination. 

7. Except as a penalty for law violation, the rejection of an entire 
shipment because some plants in it are affected by crown-gall is unwar- 
ranted. 

8. In view of the foregoing it is recommended that this Society solicit 
the active cooperation of the American Association of Nurserymen in a 
research program that will ultimately answer the questions now involved, 
directly and indirectly, in a better understanding of the nursery inspection 
problems relating to crown-gall. 

Respectfully submitted, 

F. C. Stewart 
I. E. Melhus 
M. J. Dorsey 
H. F. Dietz 
H. B. Chase 

Committee. 

On January 1, 1924, the above report was adopted by the American 
Association of Economic Entomologists meeting in Cincinnati, Ohio. 

It is hoped that the principles enunciated in the report of the com- 
mittee may be so applied by those in charge of nursery inspection as to 
bring about inspection methods and regulations more rational than those 
now in vogue. 

Tim February number of Phytopathology voas issued March 1924. 
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HOST PLANTS OF BACTERIUM TABACUM 

James J o ii n s o C. M. S h a g a and II. F. M v u w i \ ^ 

With Plates V ano VI 

One of the most promising methods for the control of the wildfire 
disease of tobacco caused by Bacterium tabacurn Wolf and Foster, seems 
to lie in the prevention of seed bed infestation. This involves problems 
of over-wintering, upon which investigations are in progress in this 
laboratory. In this connection we were led to investigate other probable 
host plants of the wildfire organism, since it is conceivable that infested 
material may enter the seed bed from such sources, cither through actual 
over-wintering in perennials or through dried infected materials being 
transferred to the seed beds. 

The results of the study of the possible host plants of the wildfin' organ- 
ism are believed to be of sufficient interest to warrant publication. We 
are not prepared to say, however, that any of the plants which we have 
found susceptible to attack by B, tabacurn are of practical importance in 
relation to over-wintering and control of the disease in question. 

EARLIER OBSERVATIONS 

W’olf and Foster (3) first described tlie wildfire disease of tobacco, 
and at that time reported apparent infection on (*ow-peas, l)ut that in- 
fection was not secured on pepper and jimson weed in their trials. Wolf 
and Moss (4) later reported unsuccessful attempts to inoculate the 
Irish potato, tomato, pepper, egg plant, jimson weed, and liorse nettle. 
Similar results were reported by Clinton and McCormick (2) on tomato, 
jimson weed, poke- weed, pepper and egg plants, although in the case of 
the two latter plants the results of inoculations were doubtful. 

Chapman and Anderson (1), however, secured infection on petunia, 
egg plant and poke-weed, and report finding wildfiie on tomato plants 
growing in an infected tobacco seed bed. 

^ Wisconsin Agricultural Exj)criincnt Station in coop(3ration \mOi the Bureau of 
Plant Industry, United States Department of Agriculture. l'ul>lishe(I with <lie per- 
mission of the Director of the Wisconsin Experiment Station. 
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EXPERIMENTAL METHODS 

Our early experience with the wildfire organism indicated that at 
times our cultures of B. tahacum lost all or part of their pathogenicity, in 
some cases in a comparatively short period. In our inoculation work, 
therefore, we made certain that a good pathogenic culture was used as 
judged by the virulence of attack on tobacco plants inoculated at the 
same time. 

The plants inoculated were usually grown in pots in the greenhouse, 
and were in most cases transferred to a damp chamber for one to two 
days after inoculation. Some judgment was used in making the inocu- 
lations at a stage of growth when the foliage seemed most likely to be sus- 
ceptible. This was usually during a rapid stage of growth or before the 
plants were in any way stunted by unfavorable conditions. 

Wildfire inoculations without wounding arc always less likely to give 
infection than when wounds are present. With a good culture and rea- 
sonably favorable environmental conditions, however, excellent in- 
fection may often be obtained without wounding. In the host plant 
study we have used both methods. Positive results were more often 
secured by inoculation with needle punctures on which a droplet of 
water suspension of the wildfire organism was used. We interpret 
infection secured by this means as an indication of parasitism, recognizing 
that the degree of susceptibility may be considerably less, however, than 
where infection can be readily secured without wounding the epidermis. 

In cases where infections appeared questionable on first trial, the 
inoculations were usually repeated. Duplicate sets of inoculations were 
always made and usually fifty or more wounds were produced in each 
case. 

EXPERIMENTAL RESULTS 

The details of the data concerning the extent of infection or relative 
susceptibility of the hosts, and the type of lesions produced in the 
wound and atomizer inoculations do not seem to be of sufficient im- 
portance to warrant publication at this time. It is deemed sufficient, 
therefore, to merely list the plants which we have found susceptible to 
attack by the wildfire organism. We have for the most part grouped 
these in the botanical families or genera to which they belong. If 
symptoms of the disease occurred with wound inoculations, even though 
comparatively slight, the plants are included in the list. Although 
infection was secured, in most cases, without wounding, failure to secure 
it in this manner was not regarded as sufficient cause for removal of the 
plants concerned from the host list, established by the wound inoculations. 
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SoLANACEAE. It was hoped that some of the various species or 
distinct varieties of Nicotiana, to which tobacco belongs, might prove 
immune to attack by the wildfire organism, and possibly form the 
basis for the breeding of a resistant commercial type, since there has been 
no evidence that any of the ordinary varieties of N. tahacum show re- 
sistant qualities. All of the species and varieties tested, however, 
proved to be quite uniformly susceptible to wound inoculations, although 
fairly marked differences occurred when the organism was applied by the 
atomizer only. Further study would be necessary, however, to establish 
any actual variation in this respect. 

The following species were infected: iST. glauca, N. rustica, N. acuminatay 
N, Bigeloweiiy N. suaveolensy N, repanday N. paniculatay N, alata grandi^ 
floray N. sylvestrisy N, langsdorfiiy N, ghitinosa. In addition the following 
types probably most correctly classed as varieties of N. tabacum were 
infected: angustifoliay atropurpureumy calyci floray latcrrimOy macrophyllay 
chinensisy trigonophyllay campanulata. 

Infection was also secured upon pepper {Capsicum annuum)y egg plant 
{Solanum melongena)y tomato {Lycopersicum esculentum), potato {So- 
lanum tuberosum) y ground cherry {Physalis grandi flora), black night- 
shade {Solanum nigrum) and jimson weed {Datura stramonium). 

While good infection could be secured on all these plants with or with- 
out wounding, this family is not on the whole apparently any more 
susceptible to the wildfire organism than are certain other families. 
The pepper and egg plant were especially susceptible. As a genus, 
however, it is believed that the Nicotianas are more likely to become 
attacked than are any other plants in this or other families. 

CucuRBiTACEAE. Heavy infection was secured upon muskmelon, 
{Cucumis rnelo), watermelon {Citrullus vulgaris), pumpkin {Cucurbita 
pepo) and cucumber {Cucumis saiiva). No other species of this family 
were tried. 

This family appears to be especially susceptible to attack, however, 
probably ranking with the Solanaceous family in this respect. The 
watermelon and muskmelon plants were practically killed by the wild- 
fire disease, both in the wounded and unwounded series. 

Leguminoseae. Infection was secured upon bean {Phaseolus vul- 
garis), garden and field pea {Pisum sativum), peanut {Arachis hypogoea), 
soy bean {Glycine hispida), vetch {Vicia villosa), cowpea {Vigna sinenses), 
red clover {TvifoUum pratense), white clover {Trifolium repens), alsike 
clover {Trifolium hybridium), alfalfa {Medicago sativa). Biennial white 
blossom sweet clover {Melilotus alba), biennial yellow blossom sweet 
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clover {Melilotufi officinalis) and Hubam or annual sweet clover {Meli- 
lotus sp,). No particularly marked susceptibility was noted in this group 
of plants, although most of them could be infected without wounding 
the tissues. The bean and peanut produced particularly typical symp- 
toms of wildfire, 

Gkamineae. Infection was secured upon the following species: 
wheat {Triticum sativum), barley {Hordeum vulgar e), rye (Secale cereale), 
corn {Zea mays), oats {Avena saliva), timothy {Plileum pratensc), quack 
grass (Agropyrum repens), witch grass (Panicum capillare), orchard 
grass {Daciylis glorneraia), sudan grass {Andropogon sorghum) and yellow 
foxtail {Setaria glauca). 

The susceptibility of this family of plants appears to be relatively 
low. Typical halos were secured by wound inoculations and consider- 
able infection from atomizer inoculations, but on the whole the infections 
were not abundant enough to endanger the plants. 

Cruciferae. The following representatives of this family were 
infected: cabbage (Brassica oleracea), turnip {Brassica rapa), rutabaga 
(Brassica campestris), radish (Raphanus sativus), rape {Brassica napus), 
mustard (Brassica alba) and Shepards purse (Capsella Bursa-pastoris) . 

These plants proved quite susceptible on the whole, mustard, for in- 
stance, becoming heavily infected from atomizer inoculation. On the 
others typical and large halos were usually produced by wound inocu- 
lation. This group appears more susceptible than the grass family, and 
probably ranks with the legumes in this respect. 

CoMPOSiTAE. Eight species from this family were inoculated and of 
these six became infected. These were: sunflower (Helianthus annuus), 
dandelion (Taraxacum officinale), ragweed (Ambrosia artemisii folia), 
sow thistle (Sonchus oleraceus), Canada thistle (Cirsium arvense) and 
prickly lettuce (Lactuca scariola). Garden lettuce (Lactuca saliva) and 
cineraria (Senecio cruenlus) could not be infected in our trials. 

With the exception of the Canada thistle the plants listed as infected 
proved to be quite susceptible to both wound and atomizer inoculations. 

PoLYGONACBAE. Six spccies Were inoculated and infection was 
secured upon five, namely: Buckwheat (Fagopyrum esculentum), ladies- 
thumb (Polygonum persicaria), bind-weed (Polygonum convolvulus), 
knot- weed (Polygonum ereclum) and red dock (Rumex acetosella). 

Infection was not secured upon curled dock (Rumex crispus). Buck- 
wheat and ladies-thumb were quite susceptible, especially to wound 
inoculations, but red dock only slightly so. 

Chenopobiaceab. Both the garden and sugar beet (Beta vulgaris) 
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were infected, as was spinach {Spinacea oleracea) and lam))s-quarter 
(Chenopodium album), 

Malvaceae. Cotton (Gossypium herbaceum) and mallow {Malva 
rotundifolia) gave good infection both on wounded and unwounded 
foliage. 

Labiatae. Three representatives of this family were inoculated and 
infected, namely: catnip (Nepeta caiaria)^ coleus (Coleus blurnei) and 
salvia (Salvia splendeus). The infection was marked on catnip only. 

IJmbelltferae. Carrot (Daucus corota) and parsnip (Pastinaca 
sativa) could only be infected with considerable difficulty. 

Miscellaneous species. Infection was also secured on single species 
from thirteen other families. These are: chickweed (Stellar ia media) y 
plantain (Plantago major) y purslane (Portulaca oleracea) y evening primrose 
(Oenothera biennis), pig- weed (Amaranthus retrojlexus) y poke-weed 
(Phytolacca decandra), tulip (Tulipa sp,), barberry (Berberis vulgaris), 
mullein (Verbascum ihapsus), bryophyllum (Bryophyllum sp,), jewel- 
weed (Impatiens), rose (liosa spp,) and maple (seedling) (Acer sac- 
charinimi) , 

discussion of results 

We have by no means made an attempt to cover the host range of 
Bacterium tabacum. The plants inoculated were selected primarily 
as representing crop plants or common weeds, which were most likely 
to be concerned in over-wintering. They represent, therefore, a some- 
what random selection from among the botanical families of plants. 
Fully ninety per cent of the plants with which wo worked gave more or 
less infection upon inoculation. The host list could, therefore, probably 
be greatly increased by further trials. 

T\’o cases of marked outbreak of the wildfire disease on other crops than 
tobacco have come to our attention. Jt is not unlikely, liowxver, that 
sucli may occur on some crops, judging by our comparative inoculations 
on tobacco. ’ Natural field infection has been noted to occur on cowpeas 
by Wolf and Foster (3), on tomato by Chapman and Anderson (1), and 
on cinnimber b}” one of us. 

(_)ur results cannot be accounted for on the basis of using any particular 
strain of B, tabacum. A large number of different strains have been used 
in our laboratory, and those used were selected practically at random, 
care being taken only to have vigorously pathogenic* strains. Reference 
to our early notes shows that in October, 1918, we infected JSiicoiiana 
glauca, N, rusticay Vigna sinensis, Sccalc cercale and Cucumis saliva with 
a culture of B, tabacum scemred from Wolf. 
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The ability of B. tabacum to attack such a wide range of plants seems 
to indicate unusual adaptation on the part of the parasite. On the 
other hand, it is believed that many of our plant parasites would behave 
in a more or less similar way when submitted to trial. The gradual 
adaptation of parasites to their hosts, and the outbreak of ‘‘new'' di- 
seases seems to be well illustrated in such studies. If wildfire is really 
a “new" disease of tobacco it is not difficult to believe that the parasite 
may have previously existed on some other host from which it has re- 
cently passed to the tobacco. 


SUMMARY 

1. Bacterium tabacum Wolf and Foster, the causal organism of the 
wildfire disease of tobacco, is capable of producing disease symptoms, 
more or less typical, on a wide variety of plants. 

2. Infection has been secured upon twelve species of Nicotiana and 
seven other members of the Solanaceae. Four species of the Cucurbita- 
ceae, thirteen of Leguminosae, eleven of the Gramineae, seven of the 
Cruciferae, six of the Compositae, five of the Polygonaceae, three of the 
Chenopodiaceae, three of, the Labiatae, two of the Malvaceae, two of the 
Umbelliferae and single species of thirteen other families have been 
shown to be susceptible to attack. 

3. The large majority of the plants inoculated were infected, and it is 
therefore believed that the host range of B» tabacum is very much larger 
than indicated by these results. 

4. The inoculations were undertaken primarily to study possible 
sources of the overwintering of the wildfire organism. The results are 
published separately for the general interest they may have, and their 
probable bearing on theories of parasitic adaptation and the origin of 
disease. 
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TOBACCO WILDFIRE AND TOBACCO SEED TREATMENT 

H. £. Thomas 
With One Figobb in the Text 

Wildfire of tobacco was first recognized in New York State in July, 

1922, on material from Chemung County. The disease had apparently 
been present in that county for at least one year previous to that date. 
The results of a limited number of field inspections have indicated that 
the disease is not as yet widely distributed in the state. Experience 
during the season of 1922 however left no doubt as to the severity of the 
disease where it has become established. This paper records some obser- 
vations and experiments relating to the overwintering of Bacterium 
tabacum (Wolf and Foster) and more particularly to the treatment and 
handling of tobacco seed. 

OVKHWINTERING OF BACTERIUM TABACUM 

A wide difference of opinion prevails in regard to the manner of over- 
wintering of Bacterium tabacum (1), (2), (3), (5). In this connection 
an interesting observation was made in 1923 with reference to the seed 
as a carrier of the pathogene. A grower planted part of a bed with seed 
treated in corrosive sublimate and the remainder of the same bed with 
untreated seed. The bed was examined by the writer just before trans- 
plainting time and the plants from untreated seed were quite generally 
infected. In contrast no wildfire could be found on any of the plants 
from treated seed, except those adjacent to the junction line. 

In the study of the overwintering of the organism in the field only one 
experiment, Clinton and McCormick (2), seems to have yielded positive 
evidence. The observations of Fromme and Wingard (3) and Anderson 
and Chapman (1) suggest that overwintering in the field is possible. 
The following experiment is of interest in this relation. On April 12, 

1923, about 4 bushels of tobacco stems, roots and leaves were collected 
in a field which had grown a badly diseased crop in 1922. On April 19 
this material was buried 1 to 3 inches deep in 4 trenches each 30 ft. 
long on the College Farm at Ithaca. Plants were started in the green- 
house on steamed soil from seed treated in corrosive sublimate. One 
plot (no. 1) was planted in rows directly over the buried stems on June 
8. Plants from the same lot were set in a control plot (no. 2) about 
350 feet distant in the same field. No wildfire could be found on the 
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transplants and no other tobacco fields were known within 20 miles of 
Ithaca. The midsummer season was unusually dry and frequent inspec- 
tions failed to discover symptoms of wildfire in either plottintil September 
18 when 1 plant in plot 1 showed a few spots typical of wildfire. On 
September 25, 2 additional plants in the opposite end of the plot showed 
similar symptoms and by October 2, 13 of the 50 plants in this plot showed 
light to severe infection. Up to this last observation, no wildfire could 
be seen in plot 2. 

SEED TREATMENT AND SEED GERMINATION 

In the spring of 1923 a number of New York tobacco growers used 
for the first time the standard method of seed treatment, — mercuric 
chloride 1:1000 for 12 to 15 minutes. Most of these growers reported 
difficulty in germinating the treated seed and some failed to obtain 
any germination. The failure was too general to be attributed to 
faulty handling of the seed treatment. An inquiiy brought out that these 
growers regularly practice germinating the seed in bulk in moist rotten 
wood, a woolen cloth or a discarded sock before it is sown upon the 
bed. This practice is believed to be necessary on account of the short- 
ness of the growing season. In the warmer states where seed treatment 
has been used with excellent results, the seed is sown directly on the 
bed without previous germination. 

Anderson and Chapman (1) report from Massachusetts a condition 
somewhat similar to that in New York State as regards the failure of 
germination in bulk of treated seed.‘ These authors believe that the 
failure to germinate is due to hardening of the seed coat after drying 
rather than to the chemical which is used in treatment. They obtained 
better germination of treated seed in bulk at relatively low temperatures 
and high moisture content. 

The writer made several experiments in 1923 bearing on the various 
methods of seed treatment and germination. The seed used in these 
tests was of the Connecticut Havana Type and mostly of the 1922 crop. 
When mercuric chloride was used, unless otherwise stated, the treatment 
was for 15 minutes in a 1-] 000 solution and the seed was washed for 10-20 
minutes in tap water and dried before germinating. Aside from sowing 
on the soil two methods of germination were used corresponding to that 
used in developing the seed treatment method (4) and to the method of 

^ Since this was written the abstract of Johnson and Murwin has appeared in Phyto- 
pathology for January, 1924. 
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handling employed by our growers. In the former the seed was sown 
thinly on filter paper placed on moist sand in a glass dish, usually a 
petri dish. In the latter method the seed was tied in muslin or cheese- 
cloth bags in lots of 6 to 20 grams and placed in an open dish with 
sufiicient cloth or moist sand to maintain a desired water content. 

In an early test it was found that treated seed (6 years old) germinated 
above 90 per cent when sown on soil in the greenhouse while a sample 
from the same lot wrapped in cheesecloth and placed in a moist chamber 
at 26° C. showed no germination. 



Fici. 1. TohM(*(*o treated in merourie chloride, (icrininatiun in muslin hag 
and on filter paper in petri dish 

More extensive tests wore then made with both treated and untreated 
seed using the two methods of germination described above. The 
results may be summarized as follows: In the glass dishes, 10 samples 
from 4 different corrosive sublimate treatments averaged 90.6 (82-97) 
per cent germination while 5 comparable untreated samples averaged 
93.8 (89-98) per cent germination. There was in some cases a noticeable 
slowing in the rate of germination of the treated seed. This was appar- 
ently responsible for part at least of the slight differences noted above. 
In striking contrast were the results of attempts to germinate treated and 
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untreated seed in bulk (figure 1). Five lots of seed treated in mercuric 
chloride gave no germination whatever. Even, when one lot was spread 
in a large moist chamber in a layer about 1 centimeter deep there was 
still no sign of germination. The germination of untreated seed in cloth 
bags was very irregular. Due to the fact that the rate and percentage 
of germination was much higher in the exterior part of the mass, it was 
impossible to obtain counts representative of the entire lot. Three 
such tests gave maximum counts of 57, 61 and 64 per cent. A count 
from the interior of the last lot, however, showed only 30 per cent of ger- 
mination. One lot at 33° C. and another at 26° C. with excessive watering 
gave no germination. 

As evidence that the failure of germination in bulk following the mer- 
curic chloride treatment is probably due to the direct action of the chemi- 
cal, it may be noted that seed treated in the following ways germinated 
very much as did untreated seed both in bulk and in petri dishes: copper 
sulfate, 2 per cent and 5 per cent solutions for 20 minutes followed by 
washing in lime water; potassium dichromate, 10 per cent for 10 minutes; 
potassium permanganate, 5 per cent for 20 minutes; sulfuric acid, 10 per 
cent for 5 minutes. Germination was especially good following the copper 
sulfate treatment. However in the concentrations used this material 
did not seem to entirely inhibit the bacteria on seed which had previously 
been soaked in a suspension of the wildfire organism. 

Since formaldehyde treatment had already been discarded by some 
workers for use with tobacco seed on account of possible injury, it was 
assumed that this material would completely inhibit the germination of 
seed in bulk. When it was finally resorted to, however, the results were 
surprising. When seed was treated in formalin 1 to 16 for 15 minutes 
and washed for 15 minutes in tap water the germination in bulk at 26° 
C. appeared to the eye to be practically as good as that of the untreated 
control. Counts from the interior of the mass, however, showed a consid- 
erably higher germination in the untreated seed (61 per cent as compared 
with 29 per cent in the treated lot). 

Here again the germination was very much better in both lots next 
to the cloth on the outside of the mass. In a second trial, seed was 
treated in a 1 to 16 solution for 10 minutes and washed in running water 
for 10 minutes. There was evidence of slight injury when this seed was 
germinated in petri dishes but in bulk there was no significant difference 
in the percentage of germination as determined by counts from the 
interior of the mass. The use of this material should be investigated 
further if the practice of germinating the seed in bulk is to be continued. 
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When seed was sown on soil in the greenhouse there was strong and 
uniform germination in that treated in mercuric chloride as well as in 
untreated seed. This was likewise true of seed treated in copper sulfate 
solution, 2 per cent for 20 minutes, and sulfuric acid solution, 10 per 
cent for 5 minutes. 

SOME FACTORS INFLUENCING THE GERMINATION OF SEED 

In view of the results recorded above and of those described by 
Anderson and Chapman (1) it seemed desirable to examine some of the 
factors, other than treatment with chemicals, which might influence 
the germination of tobacco seed. 

Temperature. In an early trial with rather poor seed no germination 
could be obtained at 33° C. cither in glass dishes or in bulk. At 26° C. 
the same lot gave 51 per cent germination in bulk and as high as 78 
per cent in petri dishes. A later test in petri dishes with better seed gave 
in 4 samples an average of 18.7 per cent germination at 33° C. and 90.2 
per cent at 26° C. No controlled temperature was maintained below 
26° C. but splendid germination was obtained at laboratory temperatures 
ranging usually from 21° to 25° C. 

These observations indicate a rather sharply defined maximum tem- 
perature for the germination of tobacco seed and point to a source of 
possible loss of seed under the farm practice of germination at extremely 
variable temperatures. 

Moidure. In 2 tests a total of 10 samples were germinated in glass 
dishes in which the sand received slightly more water than it would 
take up though not enough to immerse the seed. Seven samples were run 
in parallel on sand to which was added barely enough water to moisten 
it. No appreciable difference in percentage of germination resulted. 
In seed in muslin bags with heavy watering, however, germination was 
pool 01 lacking entirely. 

Aeration. It has already been noted that seed on the outside of a 
mass in bulk germinated more readily than those in the interior of theugh 
mass. To study this factor further two columns of seed inches high 
were placed over water in glass cylinders inches in diameter. The 
cylinders were sealed in a series so that moist air could be drawn through 
one lot of seed while it merely circulated in the space above the other 
lot. Germination was about equal in the two lots extending practically 
to the bottom of the column. A second test was made with columns 
of seed 6 inches in height. After 11 days there was good germination 
to within inch of the bottom in the column whch received better 
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aeration, while in the corresponding cylinder germination was practically 
inhibited beyond inches from the top of the column. 

Drying, Treated seed which was dried in direct sunlight germinated 
as well as seed dried slowly in the laboratory and in a few cases somewhat 
better than seed which was not dried after treatment. Seed which was 
soaked in water and dried without treatment was not perceptibly changed 
in its power of germination. This is not in agreement with the results 
obtained by Anderson and Chapman (1). 

Age of seed. Seed up to 6 years old has shown good germination 
under favorable conditions. One lot of seed 5 years old consistently 
gave above 60 per cent germination. 

Rate of development of seedlings from germinated and dry seed. In order 
to compare the growth of seedlings from seed germinated previous to 
sowing with that of plants from dry seed, 2 greenhouse beds of equal 
size (8.5 sq. ft.), were sown with equal quantities of seed by weight, 
the first germinated and the second dry. Seedlings in the first bed were 
distinctly in advance of those in the second for several weeks but by 
the time the plants had reached a size suitable for transplanting the 
difference between the two beds was not marked. The plants from these 
beds were pulled after 52 days and weighed immediately. The weight 
for the first bed was 3332 grams and for the second 2990 grams. While 
these weights seemed to represent the conditions of the beds fairly well 
the presence of damping-off in the beds sets in doubt the value of the 
figures. A third bed to which a fungicide was applied in addition to 
formaldehyde treatment received by the first and second beds, produced 
a green weight of 3502 grams from a sowing of dry seed. The above 
test was repeated in duplicate with similar results as regards the appear- 
ance of the plants up to 38 days, after which the experiment was dis- 
continued. 


DISCUSSION OF SEED TREATMENT 

In the light of the results and observations recorded above it seems 
fairly certain that tobacco seed, treated by the usual corrosive sublimate 
method and germinated in bulk, retains a sufficient quantity of the 
chemical in the seed coat to seriously interfere with the germination of 
the seed. The results show that the germination of such treated seed 
is only slightly if at all impaired when it is sown on greenhouse soil or on 
moist filter paper on sand in the laboratory. It is apparent further that 
the method of germination in bulk may expose the seed to other hazards 
that are avoided by sowing the seed directly on the plant bed without 
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sprouting. Poor aeration and high temperatures are especially likely 
to hinder germination. When seed previously germinated is sown side 
by side with dry seed on greenhouse beds, the difference in rate of develop- 
ment of the seedlings is not marked. Indeed after several weeks it is 
scarcely perceptible. While seed treated in various chemicals other 
than mercuric chloride has germinated as well as untreated seed under 
both the methods employed, none of these can at this time be considered 
desirable for general use without further investigation. 

It seems therefore that the most satisfactory method of handling 
seed for the control of wildfire under New York conditions consists in 
treatment with corrosive sublimate and sowing the seed directly on the 
plant bed without previous germination. 

SUMMARY 

Tobacco seed treated in mercuric chloride 1 to 1000 germinated 
nearly or quite as well on soil and in thin sowings in moist chambers 
as did untreated seed. When seed from the same treated lots was held 
in bulk in muslin or cheesecloth bags no germination was obtained at 
26° C. or at 33° C. 

Untieated seed in bulk did not germinate as well as did samples from 
the same lots germinated in petri dishes. 

Seed treated in copper sulfate, potassium permanganate, potassium 
dichromate, and sulfuric acid did not show appreciable injury in the 
concentrations tested. 

Treated and untreated seed germinated well in petri dishes at 26° 
C. and below. At 33° C. poor germination was obtained. 

Drying of wetted seed rapidly in direct sunlight or slowly in the 
laboratory did not impair germination in these experiments. 
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THE BEHAVIOR OF CERTAIN VARIETIES OF TOMATOES 

TOWARDS FUSARIUM-WILT INFECTION IN CALIFORNIA 

Michael Shapovalov and J. W. Leslet 
With Plates VII and Vlll 

Wilt of tomatoes, caused by Fusarium lycopersici Sacc., is widely spread 
in the tomato growing sections of California. In 1922 and 1923 the 
disease was seen in all the principal tomato sections of the State, notably 
in those near the coast, such as the Santa Clara and San Fernando Valleys 
and Orange County. In coastal sections Fusarium wilt is more important 
than western yellow blight. In the interior valleys the relative im- 
portance of those two diseases is as a rule reversed } the season of 1923 
was probably exceptional in that even in the interior the wilt disease 
was more prevalent than blight. There has been a great deal of con- 
fusion in regard to the relative importance of these two diseases among 
the general public and the growers, the latter frequently referring to 
Fusarium wilt as “the blight.” Undoubtedly wilt causes very serious 
losses to the tomato industry in California. It is exceptional to find 
a tomato field entirely free from the disease. Very frequently it de- 
stro 3 rs from 5 to 10 per cent and sometimes as much as 85 per cent of the 
crop. In all probability the area of the infected land is steadily increasing 
as a result of repeated planting of tomatoes in the same field often without 
rotation. 

The work of various Experiment Stations and the United States 
Department of Agriculture in breeding wilt resistant varieties has 
Deen very successful and as a result a number of varieties are now in 
existence which have proved to be wilt resistant under certain condi- 
tions.* Notable among these varieties are those developed by Pritchard.* 
Whether these varieties would maintain their resistance in California 
was uncertain, owing to the different environmental conditions both 
climatic and, perhaps, biological under which tomatoes are grown in 
the State. The purpose of the present investigation is twofold: (1) 
to study the behavior of wilt resistant varieties from other states when 
grown under California conditions and (2) to test out selections made 
in California. It is hoped in this way to find or develop resistant varieties 
well adapted for local commercial plantings. Seeds for this purpose 

' The intrinsic resistance of certain tomato varieties to the wilt disease was pointed 
out by Essary in 1912 (Tenn. Agr. Exp. Sta. Bull. 95, IS p., 7 fiyt. 1912). 

* Pritchard, Fred. J. U. S. Dept. Agr. Bull. 1015, 18 p., pis. l-X. 1922. 
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were obtained from seedsmen and experiment stations. These and 
some selections made by one of us^ in the summer of 1922 in badly 
wilted tomato fields in California were subjected to tests in 1923. For 
convenience these varieties, strains and selections will be referred to 
here as varieties indiscriminately. As a control Stone was used, a variety 
widely grown in California and one which is very susceptible to wilt. 

Two methods were employed in testing the reaction of varieties, 
artificial inoculation with a pure culture, following the general procedure 
described by Edgerton and Moreland^ and natural infection obtained 
by planting in the soil of badly infected fields. For the former method 
a pure culture of the pathogene is of course necessary and since as noted 
by Edgerton (1. c.) not all Fusarium cultures from wilting plants are 
pathogenic, two distinct cultures were employed which had been isolated 
by one of us* from the diseased plants, collected in California. One of 
these, designated as F. IV, was isolated from a wilted tomato plant 
near San Jose, Cal., in July, 1922, and the other, designated as F. V, was 
isolated in July, 1922, from a wilted plant at Pomona, Cal. The artificial 
inoculation method was used in an experiment conducted at the Citrus 
Experiment Station at Riverside on four varieties. Two of these, 
Stone and Morsels San Jose Canner, are varieties of commercial import- 
ance in the State. The third variety, Norton, bred by Pritchard, is 
also becoming of commercial importance and has proved to be wilt 
"•esistant in other parts of the United States and the fourth. No. 23087, 
is a selection made in 1922 in a badly wilted field of Stone in California. 

Twenty four-inch pots with garden soil containing plenty of humus 
were sterilized at 20 lbs. pressure on three successive days, one hour 
each day. All pots were covered during the sterilization with heavy 
wrapping paper and the covers were not removed until the time of plant- 
ing the seed. Some of the pots were then inoculated with the above 
mentioned cultures by first removing about two inches of soil from 
the pot to a disinfected dish, than introducing the contents of a two- 
week old test-tube culture, grown on string bean pods, after which the 
soil was replaced. Some pots were not inoculated with either of the two 
fungi. All the pots were then sown with seed, twenty-eight seed per 
pot. The seed was disinfected by soaking in 1 :400 commercial formalde- 
hyde for one hour, rinsed in distilled water and dried on filter paper before 

1 J. W. Lesley. 

* Edgerton, C. W., and Moreland, C. C. La. Agr. Exp. Sta. Bull. 174. 54 p., 19 figs. 
1920. 

•Michael Shapovalov. 
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planting. The pots were placed in saucers and crocks filled to a depth 
of about % inch with water. All dishes and the dibbles used in seed 
planting were disinfected in 1 per cent commercial formaldehyde. As 
soon as the plants had developed their first true leaves disease made its 
appearance in some of the pots, causing the collar or part of the hypocotyl 
next the soil to shrink and become discolored as in " damping off. ” On 
June 8, 1923, about half the seedlings of Stone and San Jose Canner in 
the pots inoculated with F. V. had died, but only one out of ten plants 
of the variety 23087 and none of Norton were affected. None of the 
plants inoculated wit'h F. IV showed disease, indicating that this culture 
was either less virulent or non-pathogenic. One seedling of Stone 
uninoculated damped off, presumably owing to accidental infection. 

On June 14 all of the San Jose Canner and all but two of Stone ino- 
culated with F. V had died and the remaining inoculated and uninoculated 
plants were set out in the field. This field had never before been in 
tomatoes. At the time of planting some plants of each variety from the 
uninoculated pots were inoculated with F. V by placing a culture in 
contact with the roots. To serve as controls some plants of each variety 
were not inoculated either in the pot or in the field. Each variety then 
consisted of a series of four fractions, pot inoculated with F. V, field 
inoculated with F. V, pot inoculated with F. IV and uninoculated. 

Nearly all the plants set out became established. Four weeks after 
setting out typical wilt symptoms appeared among the series of varieties 
inoculated with F. V. The plants inoculated with F. IV, however, 
showed no symptoms of wilt (except two plants referred to below) behav- 
ing in the same way as the uninoculated controls. Differences in the 
reaction of the four varieties to the culture F. V were again apparent 
as with the inoculated seedlings when in pots. Nearly all of Stone and 
San Jose Canner became diseased. Later a few plants of these varieties 
put up side shoots, but these in turn quickly became infected. On 
August 3, both of the F. V pot inoculated plants of Stone were dead 
and of those field inoculated only one plant of Stone and two small 
plants of San Jose Canner survived, although severely affected. On 
October 29, the combined yield of these plants was nine immature fruits, 
two largest being barely of marketable size and the majbrlty smaller than 
walnuts. In plate VII, the contrast is well shown between that section 
of a row which had F. V field inoculated plants of San Jose Canner 
(a) and Stone (b), and another part of the same row planted with un- 
inoculated San Jose Canner (c) and the adjiacent row (d) planted with 
P. IV inoculated plants of several varieties. 
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Q^te different was the reaction of Norton and the Stone selection 
No* 23087. On August 3, about one-fourth of the F. V pot inoculated 
plants of these varieties had perished, but the others either appeared 
unaffected or, if diseased, had begun to make healthy growth. The new 
growth, unlike that of Stone and San Jose Canner, did not become 
diseased and ultimately about 75 per cent of the plants of these varieties 
produced a satisfactory crop, in part quite equal to that of the controls. 
Forty-four out of forty-six plants inoculated with F. IV showed no 
Fusarium symptoms and only two developed slight signs of wilt. This 
was probably due to outside infection of the pots in watering or other 
accidental agency, or, perhaps, to the presence of the fungus in the field. 


TABLE 1 — Riverside plot. 




^ 1 

. 1 

1 

1 

1 

Died of Fusarium 

Variety 

Treatment 

Total numb 
of plants 

Apparent!} 

healthy 

Slightly 

affected 

Medium 

affected 

Severely 

affected 

Prior to 
July 14 

From July 

14 to Aug. 3 

From Aug. 

3 to Aug. 29 

Total 

number 

Selectioo 23087 from 

Pot inoculated. P. V. 

6 


3 

1 


2 



2 

Stone 

. 










Norton (fTom Haven 

i* «t «• 

10 


7 



3 



3 

Seed Co.) 











Stone (from Haven 

•4 44 

2 





1 

1 


2 

Seed Co.) 











San Jose Canner (from 

44 44 44 

All died in pot 







Morse Seed Co.) 











Selection 23087 

Field inoculated, P. V 

12 


8 

1 


1 

2 


3 

Norton 

.1 M «. 

12 


10 



1 

1 


2 

Stone 

“ *• •• 1 

15 



1 


4 

9 

1 

14 

San Jose Canner 

.« .. .. 

11 




2 


9 


9 

Selection 23087 

Pot inoculated, F. IV 

10 

10 








Norton 

44 «« 44 

9 

7 

2 







Stone 

44 14 44 

20 

20 








San Jose Canner 

44 44 44 

7 

7 






] 


Selection 23087 

XJninoculated 

13 

13 






1 


Norton 

44 

12 

12 








Stone 

44 

11 

11 








San Jote Canner 

«4 

12 

12 









These data, summarized in table 1, show clearly that under the 
growing conditions which obtained in 1923 one of the cultures employed, 
F. IV, is merely a saprophytic Fusarium, while the other, F. V, is a para- 
site and may cause typical Fusarium wilt. The principal cultural and 
morphological features of F. V correspond very closely to those of 
F. lycopersici a culture of which was obtained from Mr. Pritchard^s 
collection (His No. 103). As to the varietal susceptibility, both Stone 
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and Morsels San Jose Canner appeared to be very susceptible and about 
equally so to this pathogene, whereas 23087 and especially Norton 
showed distinct resistance. 

The second method of testing the reaction of varieties, namely natural 
soil infection, was employed in two fields, one at La Mesa, near San Diego, 
the other at Chatsworth, in the San Fernando Valley. The La Mesa 
field had been in tomatoes for the last two seasons, each time 85 per cent 
of the plants being badly diseased. On this plot four varieties were 
planted, Norton, Norduke and Marvel, all of which are known elsewhere 
as wilt resistant, and Stone as a control. All the plants were grown in 
adjacent seedbeds near Santa Ana, Orange County,^ and appeared quite 
healthy when set out on May 15. The Stone plot rapidly developed wilt. 
On September 9 the majority of the plants were dead, only 5 per cent 
surviving and these were severely affected. Practically no fruit was 
obtained from the total of 140 plants. A striking contrast was presented 
by the adjacent plots of Norton, Norduke and Marvel (Plate VIII). 
The majority of plants of these varieties were only slightly wilted 


TABLE 2 — La Mesa plot. 


Variety 

Source 

Total number 
of plants 

Slightly 

affected 

Medium 

affected 

Severely 

affected 

Died of 
Fusariura 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Stone 

Haven Seed Co. 

140 





7 

5 

133 

95 

Norton 

<( << ti 

47 

12 

25 

24 

50 

11 

25 



Norduke 

<( << It 

.55 

30 

55 

22 

40 

3 

5 



Marvel 

it It It 

1.3 

8 

62 

5 

38 






(Table 2), Norton showing somewhat more disease than Norduke, 
while Marvel was the least affected. All three varieties made a fairly 
good crop. Norton although more diseased was superior to both Nor- 
duke and Marvel in production. The yield of Norduke plants seemed 
very variable and the crop matured late in the season. This variety 
made the best vegetative growth. Marvel gave a good yield of smaller 
fruit. All of the three, Norton, Norduke and Marvel, are therefore 
sufficiently wilt resistant to produce a crop which would be considered 

^ Mr. A. B. Haven of the Haven Seed Co., Santa Ana, California, kindly supplied all 
the seedlings used in this trial and many of the seeds used in the other trials. 
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satisfactory to a tomato grower whereas under similar field conditions 
Stone appears so susceptible that it produces no crop. 

The other field trial, conducted at Chatsworth, like that at La Mesa was 
on land so badly infected with the wilt Fusarium that the tomato crop 
of the previous year was practically a total failure. Part of the seeds 
in this trial were sown in a seedbed containing an admixture of infected 
soil from this field. Many of the resulting seedlings showed symptoms 
similar to those seen in the artificially inoculated pots at Riverside 
indicating an early infection. A considerable number of plants from 
the infected seedbed died soon after setting out in the field, especially 
of the susceptible varieties. To what extent this mortality was due to 
F, lycopersici and to what extent to other causes was not ascertained, 
consequently such plants arc merely classified as died from undetermined 
cause (Table 3). Other seedlings were raised in an uninfected seedbed. 
Very few of these died without first becoming established. 

The reaction of the varieties included in this test to Fusarium wilt is 
shown in table 3. The number of varieties tested was thirty-three and 
the average number of plants of each was forty-six, but varied from as 
few as 7 up to 194. The results with plants from infected and uninfected 
seedbeds not being strictly comparable are shown separately. In some 
cases where the same or similar varieties were included in both gi’oups 
comparison indicates that the relative susceptibility of the varieties is 
approximately the same in the two groups although the plot from the 
infected seedbed showed a higher mortality among the young plants 
and more severe symptoms of the disease. In some varieties replicate 
one-row plots each containing about fifty plants were planted, these 
plots being separated as widely as possible. The results from such plots 
are shown separately (Table 3). 

Field planting took place on June 18 in rows six feet apart with four 
feet between the plants in the row. Five weeks later many of the plants 
were severely wilted and in a dying condition. F. lycopersici was isolated 
from the diseased plants. Differences in the intensity of the Fusarium 
wilt symptoms among varieties were evident and became accentuated 
as the season advanced. As was expected the control variety Stone 
proved very susceptible, so much so that on October 16 over 50 per cent 
had died from wilt. Morse's San Jose Canner also proved very sus- 
ceptible. On the other hand a large number of varieties proved to be 
resistant. Among these were Norton, Norduke and Marvel, thus con- 
firming the results obtained at Riverside and La Mesa. Most of the 
varieties bred for wilt resistance by State Agricultural Experiment 
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Stations were also in the resistant class. Other varieties formed an 
intermediate class, being neither as susceptible as Stone nor as resistant 
as Norton. An Indiana Station selection (23.105) and Tennessee Beauty 
belong to this intermediate class. Other varieties again apparently 
bred for wilt resistance elsewhere appeared in this test to be almost 
as susceptible as Stone. Possibly then a few varieties, or perhaps more 
precisely selections, from other states fail to develop their wilt resistant 
qualities under California conditions. Whether or not these are selections 
showing definite wilt resistance in the places of their origin has not been 
ascertained, but if so they are exceptions as the majority of varieties have 
maintained their wilt resistance when introduced into California. The 
variety Globe was resistant although it showed more disease than Norton 
or Norduke. Two of the selections made by one of us in California 
tomato fields in the previous season are quite promising. One of these, 
23087, a Stone selection, is in the resistant class, but hardly equal to 
Norton in this respect. The other is a selection from a susceptible 
variety largely grown in the Santa Clara Valley and known locally as 
Jap Canner. A first step has therefore been taken towards developing 
a wilt resistant strain of this variety so extensively grown in commercial 
fields of the State. 

With regard to yield no exact data have been secured, but the pro- 
duction from resistant varieties far exceeded that from the susceptible. 
In particular the variety Norton produced a very good crop. In certain 
sections of California where Stone is now extensively grown Norton is 
far preferable for planting on wilt infested land. Norduke also gave 
a good yield although maturing later than Norton. A special merit of 
Norduke for California conditions, in addition to the wilt resistant 
quality, is its abundant foliage which should tend to diminish the 
injury from sunburn. Other varieties in the resistant class gave good 
yields, notably Illinois Imperial, Illinois New Century, Marvel, Columbia 
and Louisiana Pink. Certain of the resistant early varieties, such as 
Louisiana Bed and Globe gave satisfactory yields, but the fruit was 
relatively small and the foliage too scanty which is a disadvantage 
wherever sunburn is a serious menace. The class intermediate in sus- 
ceptibility to wilt was inferior to the resistant class in 3 rield while the 
susceptible varieties gave practically no crop. Ninety-eight plants of 
Stone from the infected seedbed gave a srield hardly equal to that of one 
average plant of Norton. 



1’h VTO l’ATIIOLOf! V, XIV 


Plate Vll 



KitVct of artificial inoculation with F>iMiuuin l//( { at Kiversnle, Cal , in la: inocailateci San Jo^o C'annor; (b) 

inociilntod Stonn, 'c iininoculaTod San Jo>>(‘ (’annei and id the '^anie varietie-^ inoculated with a non-pat hou:cnic cultuie. 
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SITMMABY 

The reaction of a number of tomato varieties to the wilt fungus, 
Fusarium lycopersici Sacc., has been tested. Two methods of testing 
were used, artificial inoculation with pure culture of the fungus and 
natural field infection. In the former method two distinct cultures of 
Fusarium were employed, both having been isolated from wilted plants 
in California. One of these cultures proved to be parasitic, causing the 
typical Fusarium wilt disease. Three plots in places widely separated 
in Southern California and involving two methods of testing gave quite 
consistent results. The variety Norton proved resistant in all three 
places. Norduke, Marvel and a California selection from Stone (23.087) 
were resistant in both localities where tested. Most but not all of the 
varieties bred for wilt resistance at various Experiment Stations, also 
the variety Livingston’s Globe, proved resistant to wilt when planted 
in badly infected soil in California. 



PHYTOPATHOLOGICAL NOTES 

An early report on infectious chlorosis. — Lawrence, John, A.M., Rector 
of Yelvertoft in Northampton-shire, and sometime Fellow of Clare-Hall 
in Cambridge. “The Clergy-Man’s Recreation: Shewing the Pleasure 
and Profit of the Art of Gardening.” Published in London in 1715. 
(The introduction, however, bears the date March 15, 1713.) 

“Suppose a plain Jessamine Tree,* spreading itself into 2 or 3 branches 
from one common Stem near the Root. Into any one of these Branches 
in August inoculate a Bud taken from a yellow strip’d Jessamine, where 
it is to abide all Winter; and in the Summer, when the Tree begins to 
make its Shoots, you will find here and there some Leaves ting’d with 
Yellow, even on the other Branches not inoculated, till by degrees in 
succeeding Years the whole Tree, even the very Wood of all the Branches, 
shall be most beautifully strip’d and dy’d with Yellow and Green inter- 
mix’d. It is not material whether you cut off the Branch above the 
Inoculation to make the Bud it self shoot; for it will have the same Effect 
of tinging by degrees all the Sap.of the Tree, as it passes by or through 
this Bud, and communicating its Virtue to the most distant and opposite 
Branches, tho’ the Bud it self should not shoot out. Nay I have my 
self several times experienc’d that if the Bud do but live two or three 
Months, and after that happen to die, or be wounded by any Accident, 
yet even in that little time it will have communicated its Virtue to the 
whole Sap, and the Tree will become entirely strip’d. This Discovery 
undoubtedly proves the Circulation of the Sap. Q. E. D.” 

That this variation was recognized as pathological is shown by a cita- 
tion from Richard Bradley, Professor of Botany in the University of 
Cambridge and Fellow of the Royal Society, “New Improvements of 
Planting and Gardening,” of which the first edition was published in 
1717, who refers to “the unwholesome Tincture communicated to the 
Plant from the striped Bud. ” Bradley’s book has a chapter on blights, 
in which, among other things, he treats on the prevention of smut in 
wheat (p. 222). “The Receipt to prevent Wheat from being smutty 
teaches us first to wash the Wheat through three or four 
several Waters, stirring it round each time with a large Stick backwards 
and forwards with great Force, and with a Skimmer each time take off 
all the light Wheat. When this is done, put your Wheat into a Liquor 
prepared in this manner: 

' This jessamine is in all probability JoBmintm officinale Linn. 
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“Put into a large Tub, which hath a Tap, a sufficient Quantity of 
Water; then put as much Salt into it, as, when ’tis well stirr’d about, 
will make an Egg swim; then add as much more Salt as was before, and 
stir it very well; and to this put two or three Pounds of Allom beaten 
very fine, and stir it about. 

“This you are to use as you do your ordinary Brines, only you must 
let your Wheat steep thirty or forty Hours, for less signifies nothing; 
tho’ the common Opinion is, that steeping so long kills the Seed in the 
Wheat; but Experience teaches the contrary. 

“You must take your Wheat out the Night before you sow it, and 
sift some slak’d Lime on it, which serves only to make it dry enough to 
sow. ’Tis necessary to add some more Water to the Brine in a Week 
or ten Days time, as it wastes, and Salt proportionable to the Water, 
and about a Pound of Allom. 

“Note, Many Farmers steep their Wheat in a Brine, yet have Plenty 
of Smutty Wheat, becau.se they don’t make their Brine strong enough, 
and take their Wheat out too soon. 

“Note also. Many Farmers have suffer’d greatly by Smutty Wheat, 
especially in a dear Year, when such Wheat will not sell for above Five 
or Six Shillings a Bushel; whereas that which is free from Smut, will 
sell for Ten, Eleven, or Twelve Shillings; and such Smutty Wheat 
being eaten chiefly by the poorer People, and being unwholesome, 
occasions Sickness; Therefore, for the Benefit of the Publick, this is 
printed.’’ — W. A. Orton. 

Personals: Prof. G. B. Traverse, formerly vice-director of the Royal 
Station of Plant Pathology at Rome, on November first assumed the 
Professorship of Plant Pathology at the Royal School of Agriculture at 
Milan. His present address is R. Scuola Superiore di Agricoltura, 
Laboratorio di Patalogia Vegetale, via Marsala, Milano, Italia. 



REPORT OF THE FIFTEENTH ANNUAL MEETING OF THE 
AMERICAN PHYTOPATHOLOGICAL SOCIETY 

The fifteenth annual meeting of the Society was held at the University of Cincinnati, 
Cincinnati, Ohio, December 27, to January 1, 1924 inclusive, in conjunction with 
the American Association for the Advancement of Science and affiliated scientific 
societies. President G. R. Lyman presided and there were approximately 145, or 26 
per cent of the members present. This is the largest annual gathering of the Society 
that has ever been held, the attendance at the Boston, Toronto and Chicago meetings 
being 95 (17 per cent), 85 (10 per cent), and 110 (21 per cent) respectively. The 
headquarters of the Society this year were at the Hotel Gibson at Cincinnati. 

One hundred and fourteen papers were presented at the regular sessions of the Society. 
Eight papers were read at special sessions, and six papers of especial interest to members 
were given at the Potato Scab symposium of the Potato Association of America. The 
number of papers on the regular program at Boston in 1922 was 79, at Toronto in 1921, 
97, and at Chicago in 1920, 80. Abstracts of the papers were printed in Phytopathology 
(Phytopath. 14 : 24-66. Jan. 1924.) and a popular summary of the meeting has appeared 
in a special number of Science. (Science 59 : 98-100. Feb. 1, 1924.) 

There were three joint sessions with other societies. The regular joint session wdth 
Section G of the American Association for the Advancement of Science was held on 
Friday afternoon, December 28 and the following papers were presented: The Fluorescent 
Colors of Plants, their Occurrence and Meaning, by F. S. Lloyd, retiring Vice President 
of Section G; The Relation of Environment to Disease of Plants, by L. R. Jones; Recent 
Advances in Cytology, by L. W. Sharp; and CeU Activity and H4on Concentration, by 
B. M. Duggar. On Saturday afternoon the Society combined programs with the 
Mycological Section of the Botanical Society of America in the presentation of general 
mycological and pathological papers and on Saturday forenoon joined with the American 
Society of Horticultural Science and the Horticultural Inspection Section of the Ameri- 
can Association of Economic Entomologists in a symposium on the subject of crown 
gall inspection. The purpose of this symposium was to weigh the e\idence concerning 
the economic importance of crowm gall, to review the inspection methods now in use, 
and to formulate recommendations for the improvement of these methods. Four 
members of a special committee, M. J. Dorsey, representing the horticulturists, Henry B. 
Chase, representing the nurserymen, Harry F. Dietz, a nursery inspector, and 1. E. 
Melhus, a plant pathologist, presented papers embodying their views on crown gall 
inspection and giving the results of questionnaires that previously had been submitted 
to the membership of the societies and associations represented. After the symposium 
the committee worked out a set of rules or principles which may be applied in such a 
way as to bring about more uniform and more satisfactory methods than those now in 
use. This report, which represents a definite accomplishment of the meeting, w*as 
adopted by this Society and by the Ajncrican Association of Economic Entomologists. 
It has been made available through publication in Phytopathology and the official organs 
of th^ nursery associations, as well as by means of the distribution of mimeographed 
leaflets. 

The annual dinner of the Society was held on Saturday evening, December 29, at the 
Hotel Gibson, and was attended by one hundred and fifty-six persons, of whom one 
hundred and forty were members of the Society. 
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The following officers were elected: 

President, F. D. Frorame, Virginia Polytechnic Institute, Blacksburg, Va. 

Vice President, J. H, FaiUl, Unhersity of Toronto, Toronto, Canada. 

Councilor for two years, C. R. Orton, Pennsylvania State College, State College, Pa. 

Councilors for one year (chosen by the Divisions of the Society): B. T. Dickson. 
Macdonald College, Quebec, representing the Canadian Division; F. D. Heald, State 
College of Washington, Pullman, Washington, representing the Pacific Coast Division; 
and C. A. Ludwig, Agricultural Experiment Station, Clemson College, South Carolina, 
representing the Southern Division. 

The members of the Editorial Board of Phytopathology ^ whose terms expired at the 
close of 192:^, namely: Perley Spaulding, Editor-in-Chief; L. L. Harter and N. J. Gid- 
dings, Editors; and G. R. Bisby, J. Franklin Collins, L. R. Hosier, and A. G. Johnson, 
Associate Editors; were requested to continue to serve until such time as new editors 
and associates can be carefully selected by the Council; Business Manager for one 
year, R. J. Haskell, U. S. Department of Agriculture, Washington, D. C.; Advertising 
Manager for one year, R. G. Pierce, U. S. Department of Agriculture, Washington, D. C. 

Member of the Editorial Board of American Journal of Botany for two years to com- 
plete the unexpired term of D. Reddick, resigned (chosen by the Council): G. R. Bisby, 
Agricultural College, Winnipeg, Manitoba, Canada. 

Representatives on the Council of the American Association for the Advancement of 
Science for one year (chosen by the Council): G. P. Clinton, Agricultural Experiment 
Station, New Haven, Connecticut, and W. A. Orton, U. S. Department of Agriculture, 
Washington, D. C. 

Representatives on the Council of the Union of Biological Societies for one year 
(chosen by the Council) : the Editor of Phytopathology and the Secretary of the Society. 

Members of the Advisory Board (chosen by the Council) : N. J. Giddings, University 
of West Virginia, Morgantown, West Virginia, for three years to succeed C. R. Orton 
as Commissioner for the Northeast, and M. W. Gardner, Indiana Agricultural Ex- 
periment Station, Lafayette, Indiana, for three years to succeed G. H. Coons as Com- 
missioner for the Middle West. 

Trustee of the Tropical Plant Research Foundation for five* years (chosen by the 
Society): L. R. Jones, University of Wiscon.sm, Madison, Wisconsin. 

Representative on the committee for an International Botanical Congress in 1925 
(chosen by the Council): H. II. Whetzel, Cornell University, Ithaca, N. Y. 

Representatives on crowm gall committee (chosen by the Society): F. C. Stewart, 
Agricultural Experiment Station, Geneva, N. Y., and 1. E. Melhus, Agricultural 
Experiment Station, Ames, Iowa. 

Report of the Treasurer for 1923 
Statement of Accounts for 1923, as op Dec. 20, 1923 


ReceipU: 

Balance from 1922 $1,326.78 

Annual dues 3,426.00 

Contribution to cover cost of Phytopathology to European 

pathologists 105.00 

Subscription received with annual dues 5.50 

Excess dues 9*04 
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Subscriptions to Oberly Memorial Fund received with annual 


dues 53.01 

Interest on checking account 23.34 

Interest on time deposit of $1500, 6 nios. at 4% 30.00 

$4,978.67 

Expenditures: 

Member subscriptions transferred to Phytopathology $1,808.00 

Secretarial work 163.25 

Stationery, stamped envelopes, printing 269.00 

Subscriptions transferred to Phytopathology 5.50 

Postage stamps 23.68 

Supplies, rubber stamps, a/c books, telegrams 8.27 

Expressage on manuscript from Bditor*in-Chief 1.14 

Excess dues returned 4.00 

Secretary-1 reasurer’s travel and miscellaneous expenses 118.47 

Expenses of special committee 58.36 

Check returned by bank 4.25 

Amount transferred to sinking fund for investment 415.58 

Oberly Memorial Fimd transferred to Mary K. Bryan 97.33 

$2,976.83 


Balance $2,001.84 

Amount of above receipts for 1924 and 1925 $1,718.65 

Sinking Fund: 

Amount due for 1922 $ 5.00 

Amount due for 1923 35.00 40.00 

Amount due Oberly Memorial Fund 3.16 

Amount due Phytopathology for Vol, XIII to European 

Pathologists 44.02 ’ 

1.805.83 


Actual balance for 1923 $ 196.01 


The undersigned committee appointed for this purpose hove audited ike accounts of 
The American Pkytopathological Society and have found them to he correct 

N, /. Oiddtngs 
C. JR. Orton 

Oberly Memorial Fund: 

The request that each member add twenty-five cents to his 1923 annual dues as a 
personal contribution to the fund for the Eunice R. Oberly Memorial Prize met with a 
pleasing response. In the Secretary-Treasurer's report for 1922 receipt of $47.48 was 
acknowledged and since that time ^3.01 has been received, making a total of $100.49 
contributed by this Society. The committee in charge of this fund informs us that the 
total amount received from all sources slightly exceeds one thousand dollars. The 
prize will take the form of a cash award, to the amount of the interest from the fund, 
to the compiler of the best bibliography for each year in the field of agriculture or the 
natural sciences. 
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Membership: 

On December 20, 1923, the Society had 557 members in good standing: 90 life sus- 
taining and 467 regular, as opposed to 553 in 1922, 539 in 1921 , and 495 in 1920. During 
the year 25 members were suspended for non-payment of diies and 29 new paid-up 
members were added, making a net gain of 4. At the Cincinnati meeting 88 new 
members were elected. 


Rbpobt op the Business Manager op Phytopatiioi ooy fob 1923 
Statement op Accounts for 1923, as or Dec. 20, 1923 


Receipts: 

Balance from 1922 SI, 621.28 

Member subscriptions transferred from Society 1,808.00 

Subscriptions 2, 012.80 

Sales 398.31 

Excess sales 7.50 


Advertising, 1921 

Advertising, 1922 

Advertising, 1923 

Interest on invested sinking fund 

Interest on time deposit 

Balance due sinking fund to January 3, 1923 . 
Time deposit redeposited in checking account 


Expenditures: 

Manufacturing Phytopathology: 

Vol. XII, No. 10 

Vol. XII, No. 11 

Vol. XII, No. 12 

Vol. XII, Index 

Vol. XIII, No. 1 

Vol. XIII, No, 2 

Vol XIII, No. 3 

Vol. XIII, No. 4 

Vol. XIII, No. 5 

Vol XIII, No. 6 

Vol. XIII, No. 7 

Vol XIII, No. 8 

Vol Xlll, No. 9 

Vol. XIII, No. 10 


$240.76 

297.44 

404.00 

91.41 

$1,033.67 

$389.94 

350.42 

355.08 

291.85 

429.13 

239.49 

304.77 

289.78 
226.05 
392.04 

3,268.55 


45.60 

182.53 

504.77 

225.00 
4.00 

415.58 

100.00 

$7,325.37 


$4,302.22 $4,302.22 


Miscellaneous Journal expenses (Dix lists, etc.) 40.85 

Second class postage on Phytopathology 45.40 

Secretarial work 108.25 

Printing billheads 14*00 

Postage 1000 
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Postage and clerical work for Advertising Manager 4.92 

Excess sales refunded 7.50 

Duplicate subscription refunded 5.00 

Check returned by bank 5.00 

Postage on back volumes sold by C. E. Temple 9.13 

Sinking fund invested with accrued interest 502.73 

$5,055.00 

Balance $2,270.37 

Amount of 1924 subscriptions included in above receipts 319.75 


Actual balance for 1923 $1,950.62 


The undersigned committee appointed for this purpose hare audited the accounts of 


Phytopathology and have found them to he correct. 

N. J. GiddingSf 
C. R. Orton 

Statement concerning Sinking Fund, as of Dec. 192S 
Amount invested in mortgage notes 

McLachlen note (6%) $ 500.00 

Hobson note No. 1 (6%) 500.00 

Hobson note No. 2 (6%) 1,000.00 

Kaulbeck note No. I (7%) 500.00 

Kaulbeck note No. 2 (7%) 500.00 

Phelps note (7%) 500.00 

$3,600.00 

Amount in Phytopathology account due sinking fund 15.58 

Amount in Society’s account due sinking fimd 40.00 


$3,556.58 

The statement made in the Business Manager’s report of last year that, “The journal 
of the Society has passed its financial crisis safely and is now on firm ground,” is borne 
out by the experience of 1923. We have printed 662 pages w ith an index and have come 
out with an actual balance of six hundred and forty-three dollars in excess of last year. 
This increase has been due largely to lower manufacturing costs. It should also be 
noted, however, that one more number of Phytopathology was paid for in 1922 than 
in 1923, so that the only actual gain for the year is represented by about three hundred 
dollars. 

The income from advertising is an appreciable one and a prospective source of much 

greater profit. The receipts from advertising in 1920 amounted to $193.93, in 1921 

$309.32, in 1922 $519.06, and in 1923 — $695.77. This steadily increasing sum is 
encomaging and leads us to look on advertisements as a promising source of income for 
use in enlarging and improving Phytopathology without calling on the members for 
further financial assistance. It is hoped that during 1924 a considerable number of 
new advertisers may be secured, but to do this the assistance of the individual members 
is necessary. It is manifestly impossible for any one person, such as our advertising 
manager at Washington, to secure the advertisements of all the concerns that should 
advertise in Phytopathology. Therefore, each member is urged to do what he can to 
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help iu the matter. A half page advertisement for an entire year is almost as good 
as a sustaining life membership. The following suggestions are offered by Roy G. 
Pierce, Advertising Manager. 

1. That members trade with advertiser, if possible. 

2. That you mention Phytopaihoiogy when ordering from advertisers, 

3. That when dealing with concerns you suggest their advertising in Phytopathology. 

4. That you secure the advertisements of any companies, firms or individuals with 
which you have particular influence. 

For your convenience the advertising rates are given herewith. 

For each insertion For each additional For each insertion if plate 


Space if type is set insertion if copy is is furnished requiring no 

not changed composition 

1 page SI5.00 $13.00 $13.00 

page 8.00 7.00 7.00 

Kpage 5.00 4.50 4.50 

H page 3.00 2.75 2.75 


Inside covers and pages facing reading matter 20 per cent advance. 

Back cover page 40 per cent advance. 

Report op the Editor-in-Chibf op Phytopathology 

With the end of the present calendar year, the present Editor-in-Chief finishes his 
three-year term. Because of his resignation at this time it may be well to summarize 
our operations for the years 1921-23, inclusive. 

In the year preceding, namely 1020, 551 pages of te.vt were published. This, how- 
ever, included 64 pages of the Oberly bibliography of plant pathology, so that the 
actual amount of other matter was exactly 500 pages. 

In 1921, the costs of publication increased greatly and finances were badly strained. 
An effort vras made by the Editor to reduce these costs as far as possible by condensation 
of papers and elimination of all illustrations which were not absolutely necessary. 
Nevertheless in 1921 we published*516 pages of text. In 1922, 585 pages, and in 1923, 
502 pages were published. It should be said that on December 30, 1920, our publication 
of the Oberly bibliography was discontinued by vote of the Society, because of a 
definite understanding with Boiajiical Abstracts that when that publication was thor- 
oughly established it should be the reference publication for us as well as for botanists. 
It will be noted that the actual pages published in 1923 are slightly more than w^ere 
published in 1920. Besides the 562 pages of text w^e have published 23 plates and 98 
t^xt figures, approxirrmtely the usual number. It should be noted that of the 562 pages 
of text, 37 pages have been given up to abstracts of the Society and its Divisions. 

Beginning with 1921 we have adopted a policy of verifying citations in manuscripts 
which are submitted for publication. This has been done through the very kind consent 
and cooperation of the Library of the Bureau of Plant Industry. It has resulted in 
eliminating many mistakes and has moreover seciu*ed for us uniformity in methods 
of citing. In the same connection it should be said that our moral obligations to 
Botanical A hstracts led to the adoption of what Ls essentially their method of citing and 
of printing citations. It seemed best to adopt some definite plan of citation, and it also 
seemed desirable to have this plan uniform vrith that of Botanical Ahairads. 
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The Editor would call attention to the increasing patronage of our Journal by foreign 
workers. This we believe is desirable and should be continued so long as it is feasible) 
as it must result in increasing interest of foreign workers in our Journal, and in the work 
which is being done in this country, and must lead to an increased foreign mmbership 
and subscription list. 

A department of the Journal which is rather neglected at present and which we believe 
should be used more is the “Phytopathological Notes.*' As stated above, the Editor’s 
policy during this term has been that of restrioting matter published so far as seemed 
feasible to new investigations and their results. Although the cost of publication has 
begun to drop, the Editor believes that this policy should be continued. 

Because of the absence of the Editor-in-chief in Europe, most of 1022; Dr. L. L. 
Harter acted as Editor-in-chief for that year, ably carrying on the work under diflBcult 
conditions. 


Report of the Advisory Board 

The Advisory Board report was made to the Council by its Chairman, C. R. Orton, 
and after its approval was referred to the Society and was adopted as follows: 

Summer Cokfebences 

The fifth annual summer meeting of the Society was held in Western New York 
and Ontario, Canada, on July 9-12, inclusive, with an attendance of sixty-nine members 
of the Society and about twenty guests. The program arranged by the Advisory 
Board was under the direct charge of Dr. M. F. Barrus for New York and Dr. J. H. 
FauU for Ontario. In Dr. FauU’s absence Prof. J. E. Howitt served as chairman pro 
tempore for the Ontario progrf^n. Dr. Barrus was ably assisted by H. E. Thomas and 
W, H. Rankin and Dr. Faull had the assistance of J. E. Hovvitt and J. F. Hockey in 
arranging the plans in Ontario. To these men, who so ably arranged and carried out 
the program for this summer meeting, the Society owes its thanks. A more complete 
account of the meeting was published in Phytopathology 18; 507-^508. 1923. 

Pm’TOPATHOLoaiCAii Institute 

No further progress has been made on this project which is under the leadership of 
Dr. E. C. Statoan. The Thompson Institute for Plant Research has initiated studies 
on the mosaic problem and the Crop Protection Institute has carried on some funda- 
mental studies on sulphur as a fungicide. The further advancement of fundamental 
researches through institutional agencies should be encouraged but our interest in the 
projection of an American Institute should be continued. 

Committee on Cooperation with the National Research Council 

The Advisory Board through its chairman made a report of its activities to the 
Division of Biology and Agriculture of the National Research Council at the April 
meeting of the Division in Washington. It was voted at that meeting to continue the 
committee on cooperation in phytopathology together with two or three other similar 
committees. However, since tiaAi meeting it has been decided to discontinue this 
committee on cooperation, as represented by the Advisory Board, but to maintain our 
contact with the Research Council through our representative, the chairman of the 
Advisory Board. 
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Special Research and Investigational Projects 

Rwt Project. The Arthur rust project was initiated September 1, 1922, through the 
Joint efforts of the Division of Biology and Agriculture, Office of Cereal Investigations, 
U. S. D. A.; Indiana Agricultural Experiment Station; the Virginia Polytechnic In- 
stitute; the Pennsylvania State College; and the Arthur Committee. Plans for the 
prosecution of this project were all worked out when Dr. Arthur was taken ill last spring 
and postponement was necessary. These plans were resumed in November, 1923 when 
Dr. F. D. Kem spent three weeks at the Indiana Experiment Station assisting Dr. 
Arthur in the preparation of the book on ‘‘Plant Rusts. Dr. F. D. Fromme has ar- 
ranged to spend the month of January with Dr. Arthur and later in the spring C. R. 
Orton is expecting to contribute a month to this project. This project should proceed 
rapidly from now on. 

Seed Bcfrne Parasites. Since the last report on this project the committee composed 
of C. R. Orton, M. F. Barrus and M. T, Munn has prepared a preliminary list of seed 
borne parasites vrhich has been put in mimeographed form and circulated to leading 
plant pathologists in the United States and Canada for criticism. Numerous additions 
were made and the list now totals over 160 with much of the foreign literature un- 
touched. 

Further contacts have been made with the American Seed Trade Association and a 
prospectus for research on the project has been submitted to that Association for con- 
sideration by a special committee operated by their President. 

The subject was presented to the Canadian Branch of the American Phytopathological 
Society at their recent meeting at Kingston, Ontario, December 20, by C. R. Orton. 
Considerable interest is being aroused regarding this project and it is believed that 
some way will be found soon for initiating researches bearing upon it. The seed analysts 
are also much interested in the project. 

Sulphur Investigations. The sulphur investigations have been continued under the 
leadership of Dr. B. M, Duggar and Prof. P. J. Parrott and administered by a special 
committee of the Crop Protection Institute. G. H. Coons and C. R. Orton have con- 
tinued to serve on this committee, FoDowing the resignation of Dr. H. C. Young, Mr. 
L. E. Tisdale was appointed to continue the fungicidal investigations which are being 
continued at the Missoimi Botanical Garden. The field tests have been conducted in 
New York and Pennsylvania during the past season and these will be more fully elabor- 
ated next season. The insecticidal phases under the direction of Prof. Parrott are being 
carried out by Mr. HartzelL Excellent progress is being made in both phases of the 
investigations. 

Seed Treatment. The seed treatment project under the Crop Protection Institute 
has been continued under the cooperative plan adopted in 1922. These tests have been 
carried out with copper carbonate and numerous other disinfectants in many stations 
in the United States and Canada. Wheat and oats have been the seed used in most 
cases. Excellent results have been obtained wdth copper carbonate in practically all 
cases. The reports are now being received. E. C. Stakman and C. R. Orton have 
served as the conunittee on this project. 

Furfural InvesHgaHans. The Crop Protection Institute has received a fimd from the 
Quaker Oat Company for the purpose of investigating the fungicidal properties of 
furfuralf a by-product of their manufacture. This investigation will be conducted at 
Iowa State College under Dr. I. E. Melhus. The fellowship has not yet been awarded* 
C. R. Orton has served as Chairman of the committee on this subject* 



208 


Phytopathology 


[VoL. 14 


Scalecide Investigations. These investigations financed by the B. G. Pratt Company 
\mder the Crop Protection Institute were started last spring in Massachusetts, Penn- 
sylvania and West Virginia. Mr. J. W. Miller has been conducting the studies which 
include a study of the effects of Scalecide upon growth and fire blight. C. R. Orton 
has served as chairman of the committee for the Crop Protection Institute. 

Crop Protection Institute 

Coordinative relations have been continued with the Crop Protection Institute, 
G, H. Coons and C. R. Orton having served during the past year as members of the 
Board of Governors of the Institute. It appears desirable to continue and to strengthen 
these relations with the Institute which is growing rapidly and each year filling a more 
important role in the phytopathological field. 

At the Cincinnati meeting M. F. Barms, the new chairman of the Advisory Board, 
was chosen as a member of the Board of Governors of the Institute for a term of three 
years to take the place of F. D. Fromme whose term expired. The other tvro members 
of the Board of Governors are C. R. Orton (term expires 1925) and G. H. Coons (term 
expires 1924). 


Crown Gall Report 

F. C. Stew'art read the report of the committee on crown gall inspection of which 
he was chairman. It was unanimously adopted and it was voted that the report be 
•published in Phytopathology and the official nursery association publications. It was 
further voted that it was the judgment of the American Phytopathological Society that 
the committee should be continued and that F. C. Stewart and 1. E. Melhus continue 
to represent the Society on that committee. The report was published in the March, 
1924, number of Phytopathology. 

Resolutions 

A committee on resolutions, composed of E, C. Stakman, J. I. Lauritzen and L. R. 
Hesler submitted the following resolutions. 

1. Dr. John A, Elliott, Plant Pathologist, University of Arkansas, died January 1ft, 
1923. 

Dr. M. P. Henderson, Dean of the College of Arts and Science, and Professor Biology, 
Brigham Young University, died in the late autumn of 1923. 

On account of their scientific achievement and personal qualities, they won the pro- 
fessional respect and personal friendship of their colleagues. The American Phyto- 
pathological Society records its sense of great loss in the death of these members. 

2. Resolved: that the American Phytopathological Society endorse the sentiments 
expressed in the Resolution of the Wa.shington Academy of Science regarding a more 
liberal policy on the part of the government in paying expenses of scientific men to 
national and international scientific meetings. 

3. The American PhytiOpathological Society wishes to express its sincere thanks to 
Mr. C. G. IJoyd for the delightful hospitality which he extended to the members of the 
Society who visited his museum and Ubrary. 

4. The American Phytopathological Society w'^ishes to express its appreciation to the 
University of Cincinnati, especially^ to the Committee on Local Arrangements for the 
excellence of the arrangements provided for our meetings; and to the citizens of Cin- 
cinnati for their kindness and hospitality during our visit. 
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The secretary's report, of the fourteenth annual meeting, held at Boston, was adopted 
without correction as published in PhytojxUhology 13, April, 1923. 

The Society voted to hold its sixteenth annual meeting at Washington, D. C., Decem- 
ber 20, 1924 to January 3, 1925 in conjunction with the American Association for the 
Advancement of Science and other biological societies. 

The Society authorized the Council to spend such suras as are feasible and necessary 
to further the work of the committee on an International Congress. The committee 
is composed of B. M. Duggar, representing the botanists, H. C. Cowles, representing 
the ecologists, and H. H. A^etzel, representing the plant pathologists. 

On Sunday morning, December 30, 1923 an informal meeting was held at the Hotel 
Gibson at which the subject of the printing of abstracts and the character of the program 
at our winter meetings was discussed. A committee, composed of E. C. Stakman, 
F. D. Fromme, B. T, Dickson, H. H. Whetzel, and R, J. Haskell, selected at that time, 
brought in the following report ivhich was adopted by the Society at its regular business 
meeting. It was voted : 

1. That the publication of abstracts be continued. 

2. That in the near future the Secretary notify each member of the Society that 
hereafter only those abstracts which embody definite results will be published, and that 
this statement again be sent in the fall to each member, along with the announcement 
regarding the submission of abstracts. 

3. That the time limit for the receipt of abstracts be November 1. 

4. That all abstracts be submitted to an editorial committee of at least three, selected 
by the chief editor of Phytopathology ^ and that this committee edit the abstracts in the 
same manner as original articles published in Phytopathology are edited. 

5. That there be a program committee consisting of the president, secretary, and 
chairman of the Advisory Board. 

0. That the program committee arrange for at least one-half day session for the 
presentation of special papers on strictly pathological subjects. 

7. That arrangements be made for at least some simultaneous sessions held in close 
proximity to each other in order to provide for infonnal discussion by smaller groups. 

At an informal meeting of the Society at the Gibson Hotel on Sunday evening, De- 
cember 30, the matter of nomenclature for biological or specialized forms of fungi was 
discussed. At the conclusion of that session the follow ing motion w’as passed by those 
present. 

“It is the sense of this meeting that w’e continue to recognize species on morphologic 
grounds and that if we recognize varieties in the fungi we recognize them on morphologic 
grounds; that we designate the entities which are recognized by physiological special- 
ization as physiological races; that we recognize one category of physiological special- 
ization, and that scientific names be not attached to these except where historical pre- 
cedent or necessity requires." 

Tills motion was read before the Society at its regular business meeting and it was 
voted that the President select ii c*oramittee of two to cooperate with other biological 
societies in these nomenclature problems. C. L. Shear and E. C. Stakman were ap- 
pointed. W. A. Orton reported progress in the development of the Tropical Research 
Foundation (formerly designated as the Tropical Phytopathological Institute or 
Tropical Plant Research Institute). The Foundation has received the approval of 
the National Research Council. The organization calls for seven trustees, one of 
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whom shall represent the National Research Council^ and another the American 
Phytopathalogical Society* The Society chose L, B, Jones as its trustee fw a term 
of hve years and designated its Advisory Board as its committee on cooperation with 
the Tropical Research Foundation. The special committee of the Society and the 
National Research Council on research in the tropics, of which W. A. Orton is chairman, 
was continued by vote of the Society. 

A communication from Dr. Quanjer of Holland regarding a proposed international 
phytopathological journal was brought to the attention of the meeting by W. A. Orton. 
It was voted that a committee of five composed of C. L, Shear, W. A. Orton, Haven 
Metcalf, F. D. Fromme, and the Editor-in-chief of Fhytopathdogy offer to Dr. Quanjer 
the- facilities of Phytopathology and take up with him further details ccmoeming the 
matter. 

The Society voted to dispense with the annual summer meeting during 1924 and to 
encourage the members to go to the meeting of the British Academy of Science at 
Toronto in August and that the attending botanists be invited to visit our laboratories 

One of the Cincinnati radio stations extended the Society an invitation to broadcast 
information conoeming the meetings. This invitation was accepted and L. R. Jones, 
C. L. Shear, H. H. Whetssel, and W, A. McCubbin were designated to send out the 
information. The motion was unanimously carried that Miss Mary G. Van Meter, 
assistant to the Sefsretary-Treasurer and Business Manager, be given a complimentary 
membership in the Society for as long a period as she continues in her present position. 

R. J. Haskell, Secretary. 


The March mmber of Phytopathology was issued April If, 19^, 
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SPECIES OF FUSARU'IVI ISOI.ATED FROM ONION ROOTS 

< ‘ H IM '''I ^)^ I’ S I I) K IM ^ * 

With 1*j.ates IX to XI 

INTRODUCTION 

III a sludy, on tlio clHerininalion of llic causal organism of tlie pink I'oot 
disease' of onions, different species of Fusariuni were isolated from roots 
showing sym])toms of the disease. The morphological beha\i()r of the dif- 
ferent s])eci(‘s was studied on culture media such as Wollenweber (G, 7) and 
Sherliakoff (.‘1) used. New euilture media, introduced by the writer, wT're 
used (KM'asionally for the study of certain characters. 

Certain lu'w species and varieties were found among the different 
oi'ganisms. These are described and named. Those of the organisms, how- 
ever, which have been describe<l and named by pn'vious investigators are 
given only a shoi't iiK'iition in this ])aper. The w’riter is indebted to Dr. C. 
D. Sherbakoff* for the <lct(‘rmination of many of tin' oi'ganisms listed in this 
paix'i* and for otlu*!* \ery lu'lpful sua’gestions. 

IT SAIUA ISOLATED 

Tin* <liffcreiit Fusarium species, isolated fiom onion roots with and with- 
out s\m[)toms of the pink root disease, were studied in their morphological 
characti'T's and pliysiologioal behavior in the manner follow'nl by j)i'evious 
investigators. 1'li(\v wau’c found to belong to four sections, virj., Diegans, 
Discolor, Martiella and IMoniliform, and to twenty species and varieties. 
To those of the oi'gani.sms whose identity could not lie established through 
th(' available literature, the writer assigned new^ names. 

The diff'ennit organisms are segregated in this presentation into two 
grou])s: (1) into sf)cci(*s desio'ibcd by ])i*evious iin est igators, and (2) mwv 
sfiecies. P>oth ])reviously <l(‘S(*ribed and new" specnes and vari(‘ti('s are illus- 
trated in i>lates IX, X and XI. 

SEE(TES DESmUBKD TiY EREMOUS INVESIKIATORS 

Sreiion Elajans 

F. oj'}js])orium Scht., (3) PI. IX; F. malil Taub., (o) PI. IX; F. rrdnlcns 
Wr., (11, 7) PI. TX; F. hilulalinn Slier., (d) PI. IX; F. o.cifsponiim var. 
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resupimtum 8hf‘r., (8) 1^1. JX; F. oxyaporvm var. JonyvKs Slier., (ii) PL 
IX; F, orthoceras var. irisepialnm Wr., (6) PI. IX; F. angusium Slier., 
(3) PL X. 

Section Discolor 

F. discolor Ap. ct Wr., (1, 3) PL IX; F. discolor \ar. sulphureiim Ai). et 
Wr., (1, 3) PL X; F. cuhnorum (W. Smith) Saee., (3) PL X. 

^ Section Martiella 

F. radicicola Wr., (3) PL X; F. Martii Ap. ct Wr., (3) PL X. 

S eel ion M on i I i form 

F. moniliform Slier., (4) PL X. 

KKW SPKCIES 
Section Elcgans 

Fusarium cromyophthoron ii. s]). 

Diaf>:iu)sis. — Conidia (PL IX and XI ) 3-, 4-, and h-soptate, 3-sei)tat<‘ more 
eoniinon, oeeur hi sporodoehia or jiioiiiiotes, in massifs salmon colored; size 
of 3-septate 37 X 4-septa1e 45 X 3.75 a and 5-se])1ate 55 X I M-. (3ila- 

mydospores terminal and intercalated, single and eatimulate, size 7 in 
diameter. Selerotia colorless not reapiiearin^ under prolonj>’ed cultural 
conditions. Ascifverous stajye unknown. 

F. cromyophthoron ]>roduces a perlect pinnotal .stafie and differs 
slij^htly from F. Igcojfcrsici Sacc. in the size of its conidia ; in tln^ latter the 
conidia are lon^?er and the colorless selerotia are considered as a constant 
morphological chara(*t er. 

Habitat. — On roots of onions with symptoms of jiink root disease and 
on onion bulbs with powdery rot. Occurs in the Delta district near Stock- 
ton, (Vilifornia. 

Fusarium rhizochromatistes n. sj). 

Diagnosis. — Conidia (PL XI) 3-, 4-, 5- and h-.septate, 3-septate more 
common, occur in sclerotial and filain s]a)ro<lochia and ]>seudopionnotes, in 
masses salmon colored. (3ilamydos]>ores terminal and intercalated, single 
and catenulate, size 7 to JO u. Selerotia 3 to G mm. of a brownisli blue color 
at the center of the colony and small bluish 1 to 3 mm. at the margins. 
Aerial mycelium well developed, hy]>hac from 5 to 10 mm. long, distinct, 
not interwoven or forming coremia like .stimetures. Substratum ranging 
between [>ea(*]i and orange colors. Ascigerous stage unknown. 

Habitat. - On roots of onions, Irish potatoes and millet with symihoms 
of ])ink root disease. Occurs in tlic Delta district near Stockton, Califoimia. 
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Fusarmm rhkocJiromaikl cs var. microsclerotium n. v. 

Diagnosis. — Conidia (PI. XI) similar in size and curvature as in F. rhi- 
zochromafistcs. It differs in the size ol‘ the selerotia which measure from 1 
to 3 mm. ol a bluish color. Sporodoehia not emei'ging from selerotia. 

Habitat. — On roots of onions with symptoms of i)ink root disease. Oc- 
curs in tlic Delta district near Stockton, Oalifornia. 

Fusarium sclerostromaton n. sp. 

Diagnosis. — Conidia (PI. XI) 3-, 4- and f)-se])tate, 3-s('f)tate more com- 
mon, otli(‘r iorrns rare, occur in sporodoehia emerging from a continuous 
rough pleetenehymatie layer coveiing the entire suiface of the colony dur- 
ing the early stages of gi’owtli, in masses salmon colored. (/hlamydosj)ores 
terminal and intercalated, single and catenulate, size 7 to 10 k Selerotia 
growing over the pleetenehymatie layer first colorless and later turning 
bluish, size 1 to 3 mm. Aerial mycelium growing over the pleetenehymatie 
lay(‘r in irregular masses, length of hyphae from 3 to o mm. interwoven in 
cottony like mass(‘s. Substratum of a grayish peach to grayish orange color, 
Ascigerous stage unknown. 

Habitat, — On roots of onions with symptoms of jiink root disease. Oc- 
curs in tlie Delta district n(‘ar Stockton, (California. 

Fusarium loncheceras n. sp. 

Diagnosis, — Conidia (1^1. XI) 3-, 4-, 5- and G-septate, o-septate more 
common, size of r)-.sof)tat<* 47 >' 3.25 g, slightly or not arcuate, lanceolate, 
occur in eupionnotes of honey and orange color's. Chlamydos])orcs terminal 
and intercalated, the former more common, single and catenulate, size 5 to 
8 g. No selerotia. Aerial mycelium absent or slightly develo])ed at the 
margins of the colony. Substratum I'aiiging betw'een i)each and orange 
('olors. Ascigerous stage unknown. 

F loncheceras has certain similarities with F, angusiiun Slier., it differs, 
how(‘ver, fi'om the latter in the color of its conidia and substratum and in 
the septation of the conidia in jiroportion to their size. 

llabitat.--On roots of onions with and without symptoms of pink root 
disease. Occurs in the Delta district near Stockton, California. 

Fusarium lonclicceras var. microsporon n. v. 

Diagnosis. — F. lonclicceras var. microsporon (PL X) differs from F. 
loncheceras in the size of its pionnotal conidia and the production of a 
greater number of 3-septate than 5-se])tate conidia. Substratum of a clayish 
to brickish color. Pionnotes forming a thinner layer than in F. loncheceras. 
Aerial mycelium absent in carbohydrate media but slightly developed in 
protein media; hyphae aggregate forming eoremia like structures. 

Habitat. — (^n roots of onions with symptoms of pink root disease. Oc- 
curs in the Delta district near Stockton, California. 
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BEHAVIOR OF FUSARIA IN DIKFEKENT MEDIA 

C%dture Media 

The methods, employed lor the systematic* study o£ the different mor- 
phological characters developed by Fusaria, consisted in growing the jiar- 
ticular organism on different nutrient substances and observe its beliavior 
thereon. The culture media used in these studies were: (1) dextrose agar, 
(2) dextrose bean agar, (S) j)otato tuber plugs steamed, (4) steamed Meli- 
lotus stems, (5) steamed blackberry stems, (6) steamed rice grains, and (7) 
beef extract agar. 

The first culture medium, dextrose agar, was prepared with addition of 
1.75 per cent agar-agar in a solution containing the following: distilled 
water 1000 c.c., dextrose 20 grms., MgSO^ 2.12 grms., Ca(N().J.j 0.71 grins., 
KH.^P 04 1.36 grms., and Fc(N 03)3 1 c.c. of a 5 i)er cent solution. Half 
liter portions of the solution were adjusted to different H-ion concentrations 
by the addition of appropriate reagents (0.2/N, HCl and KOH) before mix- 
ing with the agar. The medium was tubed, after boiling, in test tubes in 
20 c.c. portions and sterilized. 

The second culture medium, dextrose bean agar, was prepared with the 
addition of 1.5 per cent agar-agar in a solution containing the following: 
dextrose 20 grms,, and lime bean decoction 1000 c.c. The lima bean decoc- 
tion was prepared by boiling 200 grams of lima beans in 1000 c.c. of tap 
water for one hour, then straining the mixture through cheese cloth and 
retaining the solution. 

The third, fourth, fifth and sixth were prepared by adding 5 c.c. of 
water or more, in the case of the sixth, in test tubes containing the vege- 
table medium and sterilizing. 

The seventli, beef extract agar, was prepared in a similar manner as the 
dextrose agar medium except that dextrose was substituted by 1 jier cent 
beef extract. 

JNFM’ENCE OF THE SUBSTRATUM ON THE DEVELOPMENT OF OHARACTERS 

Sherbakoff, 'Wollenweber and other investigators observed that different 
media influence the development of characters in Pusaria in a number of 
ways. The wnter observed that ccilain nutrient substances different in 
their chemical constitution may induce development of certain characters 
and inhibition of others, such as sporodochia, sclerotia and ])igmcnt. In 
addition, the ratio between dextrose and peptone, in certain culture media, 
was observed to be a factor influencing sporulation (sporodochial macro- 
conidia) versus aerial growth and vice versa. In culture media rich in dex- 
trose sporulation was found to be abundant while development of aerial 
mycelium was very j)oor. The reverse took j)lacc, however, in culture media 
rich in i)cptonc and poor or lacking entirely in dextrose. Amygdalin was 
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observed to induce the development of sjmres of ai)proximatel 3 ^ uniform size 
and septation. (V)lorIess selerotia and similar pleeteneliymatie bodies are 
not constant characters in the development of certain species. Such cliar- 
acters may ap])ear in the culture of the initial isolation and in a few trans- 
fers but seldom reap])ear in later cultures. lUiiisli selerotia, however, con- 
stitute a constant morphological character not affected by prolonged cul- 
tural conditions, in certain species. 

l)IS(UJSSION 

The mere fact that soil is the natural ha})itat of Fusaria might be the 
chief reason for explaining the occurrence of such a great number of si)ecies 
of these organisms on onion roots. What is understood by specificity, in 
the case of cc'rtain Fusarium diseases, does not seem to apply in this par- 
ticular disease. Sj)ecios whi(4i have been reported by pi'cvious investigators 
as ])eing pathogenic on plants such as potato, pei)i)er, pea and tomato have 
jilso been found to occur on diseased onion roots, and in the case of F. rhizo- 
chroinatistcs, to j)roduce pink root symptoms on two or three different 
plants. 

These ol)servati()us lead to the conclusion that the study of diseases 
induced by Fusaria present a very complicated asi>ect, due, on the one 
hand, to the specificity of certain of tliese organisms in regard to their 
host, and, on the other hand, to tlie non-speeificity of certain otlnu's. 

The writer suggests that, in a systematic study on Fusaria, only those 
nutritive substaiu'cs whose ehemieaJ composition is known should be em- 
])loyod for the development of certain mor])hol()gical characters. The 
results which wore obtain<‘d in both solid and liquid media with dextrose 
and arnygdalin wore very satisfactory. Great confidence should not be 
])la<* 0 (l on media prepared with vegetalile tissues because of the variation of 
these tissues in their chemical comjiosition, especially, when obtaiiUMl from 
different sources and at different seasons. 

SUMMARY 

Twenty different species and varieties of Fusarium, some new and others 
already described and named, have been isolated from diseased and dead 
onion roots with and without syniiitoms of pink root disease. Some of these 
organisms are known to jiroduce wult and rot diseases on potatoes, tomatoes, 
peppoi*s and certain other plants. 

The new species which arc rejiorted and described in this ])apcr are the 
following : 

Fusarium cromyophthoron n. sp., 

Fusarium rhizochromatistes n. sp.. 
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Fusarium rhizochromatistes var. microsclerotium n. ^ 

Fusarium sclerostromaton ii. s])., 

Fusarium loncheceras u. si). 

Fusarium loncheceras var. microsporon n. v. 

Tlie devoiopmciit ot’ certain mor])lioJojii’ical characters has l)eeii ol)scrved 
to 1)0 influenced l\v the chemical nature of tlie substratum. Protein sub- 
stances induce the deveJo])men1 of aerial mycelium pfrowtli while at the 
same time decrease the rat(* of production ot‘ s[)orodochiaI macroconidia. 
The reverse, however, takes ])Iace when dextrose is used as the source of 
carbon in the medium. 
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Plate IX 



F, oxysporum Scht* F. Aalli Taub. F*cromyophthoron, n.sp. 



P.redolens Wr* F.lutulatua Sher. T.oxysporun var.keng- 



y.oxysporum var. p, discolor Ap.et T* orthoceras var. 
reaupinatum i3her. Wr. triseptatuia Wr* 
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Pla^’k X 



P. culmorian Sacc. P. monllifom Sher. F. radicicola Vr. 



P. martil Ap* et Wr. P. discolor var. P. culiaorun Sacc. 

sulphureuin 

FI -SARI A FROM ONION ROOTS 
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Plate XI 



F. loncheceras F. rblzochromatletes. 
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optimum between 25° C. and 30° C. The organism in culture survives long 
exposures to temperatures far below 0° C. The optimum temperature for 
spore germination lies between 25° C. and 30° C. 

Growth and the formation of pycnosclerotia in culture occur irrcsj)ectivc 
of light or darkness. Canker enlargement and the formation of i)ycno- 
sclerotia may occur in tlie winter in Illinois during prolonged warm, moist 
periods; it usually begins, however, early in the spring (Plate XTTl, figs, D 
and G) after having been sus[)ended for the winteT (Plate XIII, fig. C). 
The enlargement of the canker in the spring is accompanie^d by the formation 
of true pyenidia. These are also an important source of inoculum. After 
August cmly pyenose](‘rotia are produced on the growing cankers. These 
produce spores earh' in tlie following year although they are not mature 
until spring. New cankers appear on the new growth in August and at 
that time bear only pycnosclerotia (Plate XI II, fig. B). Late ap])earing leaf 
and fruit lesions, as the result of infections after July and August, bear 
only pycnosclerotia which eitlier I'cmain sterile or give rise to pycnospores 
in tlie following sr>ring. The primary lesions on the fruit and foliage f)lay 
an important part as sources of inoculum for summer infections. The 
pyenidia on the fruit which have already functioned during the season 
^‘fill up” and become typical pycnosclerotia- in tlie autumn, in which stage 
they pass tlie winter. 

Natural infections occurred in Illinois during the period of these inves- 
tigations as early as April and as late as September. Periods of natural 
infection wer(‘ carefully determined by bagging experiments (Plate XII, 
fig. A). Primary infections began in the jieriod between two and three 
weeks after the blossoms had fallen. 

The cankers arc probably the exclusive source of primary inoculum. 
The overwintering pycnosclerotia on the mummied fruit and fallen leaves 
give rise to pycnosiiores in the following spring, but the relative importance 
of these ])yciiosclerotia as sources of primary inoculum is probably negli- 
gible. Many of these overwintering pycnosclerotia become sterile. 

The ascigerous stage of the organism has not been discovered although 
there are reasons to believe that one exists and that it occurs rarely on de- 
caying leaves and mummied fruits in the spring, as one of the final stages 
of the pycnosclerotium (Plate XII, fig. D) as is the case with Guignarcha 
vaccinii Shear, G, hidwcllii (E.) V. & R. and G, acsculi (Pk.) Stewart. 

^Refldick (The Blaek Rot Disease of Grapes. Cornell TJniversit.v Agr. Exp. Sta. 
Bui. 293, 1931) first used the term pyeiios(derotiiim referring to a pyciiidium containing 
a pseudoparonchyma of largo colls which gives rise to a perithecium. Since perithecia 
liav(* never Been observed resulting from the differentiation of the pycnosclerotium of 
P. sohtaria the word is here used in a slightly different sense from that of Reddick 
although the form and structure of the fruit is in all respects the same. 
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There are three distinct types of fruit blotch, these showing differences 
in the histology ol; the affected tissues the result of varietal differences of 
the host rather than distinct strains of the fungus. These have been desig- 
nated as the fringed, the pitted and the blistered types of apple blotch. 

The fungus stimulates the host to excessive hyperplasia and to the for- 
mation of absciss layers (Plate XI 11, ffg. B). 

In the bark the cambium is not directly affected. Removal of the fungus 
by cutting away the canker may therefore be readily aceom])lished. 

The fungus persists in the bark of some varieties indefinitely and in 
others natural excision occurs within three or four years. Natural excision 
of the cankei*s as one means oL‘ exterminating or suppressing the fungus as 
advocated in the early literature is however not dependable. 

In the o[)inion oL‘ the writer the removal of the cankers on young trees 
as recommended by Gardner (1, 2) does not api)ear to be practicable. 
Other methods of control have accom])lished the same end. These methods 
consist in the selection and planting of disease free trees, d(‘layed dormant 
and summer spraying, care in the selection of varieties, avoiding near ])lant- 
ing of bark-susceptible with bark-resistant varieties and the natural ex(*i- 
sion of cankers. Plate XT IT, fig. F, shows the ty])ical condition of young 
bark-susceptible varieties of a])})lc trees in Southern Illinois oirhards and 
Plate XlIT, fig. A, the result of an ordinary inf(‘ction of tin* fruit. Under 
these conditions especially canker eradication ap])ears n(*itlier ])ractical)l(', 
profitable or successfully possible. 

The fungus may be partially controlled with late dormant s[)rays of lime 
sulfur or copj>er sulfate at concentrated solutions as i*eported ])reviously ])y 
Guba (3, 4). The affected spores are killed and remain in the dead pycno- 
selerotia (Plate XII, figs. C and E). 

Summer sprays ol* lime sulfur at two and three weeks and bordeaux 
mixture at four, six and ten weeks after the fall of the blossoms control the 
fungus perfectly, although with heavy late seasonal rains an additional spray 
of bordeaux mixture is necessary in Augast on late susceptible varieties to 
insure clean fruit, The first blotch spray or what is frequently termed 
‘^the 2 week spray’’ in southern Illinois must be on the trees not later than 
2 weeks after 75 per cent of the blossoms have fallen. Lime sulfur and 
bordeaux mixture are equally effective as indicated by the unpublished 
results of the author's experiments. For Duehess and Yellow Trans])arent 
ap])les a 2-3"4~6 week spray scdiedule is recommended and for tlie Benoni a 
2~3-4-6-8 week schedule. These ap])lieations supplemcint the calyx and 
earlier sprays, the foimer application also affecting control of the ])rimary 
infections wliich in some years may occur ])rior to the 2 weeks application. 
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EXPP.VXATIOX OF PLATES 

PnATK XJl. Fig. A. Fruit and leaves pioteeted against natural infection in a Duchess 
orchard. Bagging expeiiinents to determine periods of inoculation. Fig. B. Section 
through a ))yc]iosclerotJiim from a canker in Deeembcr. Fig. C. Section through a 
pycnoHclerotiuui trefited with a late dormant si)ray of lime sulfur. Fig. I). Seetion 
through a i>ycnoscleiotiuni from a fallen mummied apple in January. Fig. E. Spores 
from a i>ycnosclerotiuni from a eank<‘r treated with lime sulfur late in the dormant 
season. 

P( A'lE .Mil. Fig A. Yellow Trau'-jiaient ajiples slnmjjig the losult of an onlinary 
infe('tioii in Soufh(*in Jllinois, Fig. B. Section through the inidvein of a leaf showing 
the canker, the absciss layer and the underlying h\ perjilasia. Fig. C. A canker during 
the dormant season. This canker le.sulted fioin an infection during the previous grow- 
ing season. Fig. Jb rankers showing the intermittent areas of growth. Fig. E. Ex- 
])osed pycn(i.s<*h‘r()tiji in the canUi'rs. Fig. F. A 4-year-old Duchess tree, a typical ex- 
ariijile of young susceptible ai>ple stock in Southern Illinois. Fig. G. Showing the 
enlargement of the eankers fidlowing the dormant season of the host. 



THE PRODUCTION OP SUBSTANCES TOXIC TO PLANTS BY 

peNicillium expansum link 


Clyde C. BAXiNUM 
With Two Figukes in the Ticx'r 


The toxic action of cnltiii*e solutions on which PeniciUium expansum 
Link had been grown was first obseiwed by the writer in the spring of 1923. 
At this time, cut steins of vetch (Ficn? gujantea Hook.) and mint {Mentha 
sp.) were placed with the cut ends of the stems in culture solutions on 
which the fungus had grown in ]nire culture, as well as in fresh sterile cul- 
ture solutions and in equal volumes of tap water. After 24 hours the leaves 
and stems in the solution on which the fungus had grown were decidedly 
waited and in 3G hours the leaves were dry and brittle. The controls in the 
uninoculated culture solution and in the tap w'at(‘r Avere fresh and in a 
growing condition after 48 hours. These results, although not checked up 
at that time by further work, led the W’riter to believe that some toxic prin- 
ciple Avas iriAadved AA’hich must have been prodiUM^l in the culture solution 
by the fungus. Since no mycelium waas present in the solutions us(‘d, it Avas 
hardly conceiA^able that the wilting induced by their use aa^is attributable 
to a choking of the vascular system. This toxicity, induced by a fungus 
which is commonly knowm as a strict sapror)hyte, is similar in many Avays 
to the toxic princi])le attributed to pathogens, such as Fusaria. 

Fahmy (1) points out that Fusarium solani (Mart.) Sacc. jiroduced an 
excretory principle in Richard’s culture solution which ])rov('d toxic to 
broad bean plants three weeks old. This jirinciple was found to increase in 
toxicity with age, and to be thermostable and non-volatile. Fahmy also 
show^s that the injury is not due to the small amounts of ammonium or oxa- 
late ions produced by the organism in imre culture. Haskell (2) nqioHs 
the presence of a toxic principle in the culture solutions on which Fusarium 
oxysporum Sehlect., the cause of potato Avilt, had been growm. fiij(»ctions 
of these toxic solutions into the stems of healthy potato plants jiroduced 
definite browning of the Avascular tissues and blackening of the lea\’es. 

Later in 1923 further work on the study of the toxic principle i:)roduced 
by F. expansum in culture solutions was carried out by the author. ('Ul- 
tures WH're available at this time on which P. expansum ha<i been grown for 
9 weeks. Six of these cultures were cho.sen for the test on growing plant 
parts. Each culture had grown on 100 c.c. of Czapek\s nutrient solution in 
250 c.c. Erlenmeyer flasks, a different sugar having been supplied in each 
case. The six cultures thus represented the growth of P. expansum on each 
of the following carbohydrates: laeAmlose, lactose, maltose, mannite, pectin 
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and dextrose. The original concentration of these sugars was 3 per cent in 
each case. The mycelial felt in each flask was pushed aside sufficiently to 
allow the insertion of freshly cut ends of tenninal leafy stems of Malva 
rotundifolia L. into the culture solution without the cut ends coming in con- 
tact witli tlie s[>orcs. Controls, consisting of 100 c.c. lots of freshly i)re- 
pared ('‘zapek’s solution (*ontaining 3^/4 per cent dextrose were used and cut 
stems of the same ]jlants were placed in these with the cut ends immei-scd 
in the solution. Tap water controls were also prepared and stems placed in 
them at the same time. After 18 hours all the branches in the 6 cultures 
w^ere definitely wilted. (See figure 1.) Wilting was apparent within one 
hour after the stems were placed in the cultures. After 48 hours the same 
stems were completely withered and the leaves were dr>^ and brittle. The 
controls, both in the fresli, sterile solutions and in taj) water were fresh and 
grown'ng at the tips at the conclusion of the experiment. 



Fr(j. 1. Sterna of Malva rotundifolia iii Czapek's aohitiori iiU houra. On left, stems wilted 
in solutions on whicli P. txpan^imi had grown 9 weeks. On right, stems in 
solutions on which no fungu.s had been grown. 


This Study indieates that the fungus, P, expansum, produces in culture 
solution a toxic principle wdiich is capable of causing wilting of cut stems 
of eommon ]\Ialva when plaeed in such solutions. A study of longitudinal 
sections of these wilted stems sliowod that the stain of the culture solution 
on which the fungus had grown liad been carried up into the stems of the 
wdlted plants a distance of 5 to 7 inches. expansum changes the color of 
the medium from an original clear liquor to a definitely dark amber (‘olor. 
The appearance of the stain in the tissues of the leafy jdaiits some distance 
from the cut ends indicates that there had been no interference with the 
water conduction of the stem. 
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TOXICITY IN RELATION TO CAULIFLOWER PLANTS 

In order to elieek up on the jirevious work, three liters of Czapek's modi- 
fied nutrient solution were prepared according to the usual formula, adding 
3^2 per cent of dextrose in all eases. The stock was divided into the follow- 
ing portions, and autoclaved 10 minutes at 15 lbs. pressure : 

9-200 c.c. lots at pH 4.4 in 500 c.c. flasks 
5-100 c.c. lots at pH 4.4 in 250 c.c. flasks 
5-100 c.c. lots at pH 7.0 in 250 c.c. flasks 

Spores from pure cultures of P. eximnsum were planted on the 9-200 c.c. 
lots and the cultures incubated at room tempernture (15-20° C,). Good 
growth resulted and the mats were strong and covered with green spores 
after the third day. After 16 days the solutions were decanted from the 
flasks and filtered by suction through a Buchner funnel, using double layers 
of filter })apcr and a heavy mass of absorbent cotton, previously moistened 
with distilled water, (^areful microscopic observation of the filtrate indi- 
cated the absence of spores. This filtrate will be referred to in this i)aper 
as the ‘‘cultured” solution. Volumes of 100 c.c. of the “cultured” .solu- 



Fig. 2. Cauliflower plants in Czapek’s solution for OS liourH. Nuinbors on flasks corre- 
spond to the numbers given the various solutions in tabl(3 1. 

tion, the sterile solutions at different H-ion concentrations, tap water and 
distilled water were placed in 250 c.c. Erlenmeyer flasks and identified by 
number as shown in table 1, 
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TABEIi 1. Solutions used in toxicity tests on cauliflower plants. 


No. Condition of solution No. & vol. 

ill flasks 

1 Cultured soln. filtered, unheated, pH fi.O 2-100 c.c. 

2 Cultured soln. filtered, heated to hoilinjf 

II Cultured soln. filtered, autoclaved 15 minutes 

4 ("ultured soln. filt(‘red, unheated, plus toluol 

5 Cultured soln. not heated, not filtered 

(I Cultured soln. filtered, plus 1 c.c. N NaOH per 100 c.c. sol. 

7 Cultured soln. filtered, plus 1 c.c. N/2 IICl jier 100 c.c. sol. 


8 IStciile Czaiiek soln. pH 4.4 no growth, no toluol 

0 Sterile Czapek soln. pH 7.0 no giowth, no toluol 

10 Sterile Czapek solii. pH 4.4 no growth, toluol added 

1 1 Sterile Czapek soln. pH 7.0 no growth, toluol added 

12 Tap water, autoclaved, plus toluol 
i;> Tap water, unheated, no toluol 

14 Tap water, boded, no toluol 

15 Histilled water, ])lus t(»luol 
1(5 Distilled water, no toluol 

17 150 c.c. “cultured’^ soln. filtered, j)lus 50 c.c. Dist. Water 

18 Plants in dry flasks 


No. 

plants 

used 

2 

3 

o 

2 

2 

2 

2 

2 

o 

4 
4 
:i 
4 
4 
4 
4 

4 

5 


Due to a seareity of her])aeeous j)lant material at this time, young eauli- 
flow(U' ])Jants {Brassica olemcea var. Bofrijtis) grown 3 months in the oj)en 
ground and not over (i to 8 inches in lieight, were used in this exi)erimcnt. 
Th<‘ plants were i)ulled, washed free of soil and placed within 10 minutes 
after tlieir removal from the soil in the tiasks as indicated in table 1. After 
18 liours the injurious effect of the toxic solutions was noted in a definite 
wilting of the ])lants whicli liad their roots bathed in these cultured solu- 
tions. Tlie ])resence of broken roots was negligible on account of soil condi- 
tions and care in ])uiling ])lants. Ia\ss toxicity was noted in the first 24 
hours ill the solution wliich liad l)een autoclaved after the fungus had 
grown on it, Init this delayed aedion was just as effeetive in producing wilt- 
ing in the latter part of tlie experiment as was the more ra[>id action of the 
nnheat(‘d “cultunHl’^ solution. (See figure 2.) 

In the boiled “cultured” solution there was scarcely any k\ss injury 
to the jdaiits during tlie first fe^w hours than in the unhoih^d “cultuivd’' 
solution. However, the wilting was finally cfiually as })ronounced in these 
two solutions and the leaves of all the plants wore much drier and more 
brittle than the loaves on the plants in dry Erlemeyor flasks. The use of 
toluol was found to be unneecs.sary during tliose tests ol sliorl duration, the 
injurious effecds on the tissue's of the plants were found to more than offset 
any value in maintaining a condition of sterility in the solutions under test. 
All the ])lants kept in the various control solutions wer(^ in a growing condi- 
tion at the conclusion of the experiment after 68 hours. (See table 2.) 


TOXICITY IN REr.ATfON TO GROWING AUFAUFA STEMS 

Orowing stems of alfalfa, Mcdicofio saiiva L. were placed in some of 
the same test solutions used in tlie foregoing te.st, in the order shown in 
table 3. 
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TABLE 2, — Condition of cauliflower plants at different times during toxicity tests. 


No. of After 

Solution 18 hours 


After 
22 hours 


After 

After 

3 hours 

68 hours 


1 

2 

4 

5 

6 

7 

8 

<) 

10 

11 

12 

13 

14 

15 

16 

17 

18 


j Wilting 
I Slight wilting 
I No wilting 
! Slight wilting 
I Wilting 
I Wilting 
I Wilting 
I No wilting 
i 1 plant wilted 
! 1 plant growing 
I No wilting 
I No wilting 
I No wilting 
No w'iltmg 
No wilting 
No wilting 
No wilting 
Wilting definite 
Wilting definite 


Wilting definite 
Wilting definite 
No W'ilting 
Wilting definite 
Wilting 
Wilting 
Wilting 
No W’ilting 
1 wilted 
1 growing 
No wilting 
No wilting 
No wilting 
No W’ilting 
No wilting 
No wilting 
No wilting 
Wilting definite 
Wilting definite 


Leaves dry 
Leaves diy 
Leaves limp 
Leaves dry 
Leaves dry & yellow 
Leaves linij) 

Wilting definite 
No wilting 
Plants recovered 

No wilting 
No wilting 
No wdlting 
No wilting 
No wilting 
No wilting 
No wilting 
Wilted badly 
Wilted badly 


Leaves brittle 
Leaves brittle 
Loaves limp 
Leaves dry 
I Leaves dry 
I IjOaves limp 
I Leaves dry 
' Plants growing 
j Plants growing 

I IMants growing 
Plants growing 
Plants growing 
I’lants growing 
IMants growing 
Plants growing 
I Plants growing 
I Liiavcs diy 
j Leaves dry, 
j not britth‘ 



TABLE 3 . — Solutions used in toxicity tests on alfalfa stems. 


No. Condition of solution 

1 “Cultured’^ sola, filtered, unlu'ated pll 5.() 

2 Cultured soln. filtered, boiled 1 min. 

3 Cultured soln. filtered, autoclaved 15 min. 

5 Cultured’^ soln. not filtered, not heated 

6 “ Cultured soln. filtered, plus 1 c.c. N NaOTI 

7 ‘‘Cultured’^ soln. filtered, plus 1 c.c. N/2 ITCl 

8 Sterile fresh culture soln. pTT 4.40 

9 Sterile fresh culture soln. pll 7.00 

13 Cold tap w’ater 

14 Autoclaved tap water .. . . 

16 Distilled water ... 

17 150 c.c. cultured soln. plus 50 c.c. water 

18 No solution in flasks, air dry 


No. 

No. & vol. plants 
in flasks usivl 


2-100 (..(*. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 
2-100 c.c. 



»> 

o 

4 

5 


After 2 hours in these test solutions, wilting was apparent in sets num- 
bered 1, 2, 3, 5, 6, 17 aud 18 hi equal amounts in all cases. After 20 liours 
the same conditions existed, except that the greatCvSt amount oE wilting had 
occurred in No. 3 and in one plant in No. 2. After 48 hours at room tem- 
perature, the wilting had progressed in all the cultured’" solutions, both 
boiled and autoclaved, acid and alkali treated and diluted, to such an extent 
that the leaves on the stems were dried entirely and were more brittle than 
those on the steins in the empty flasks without water. After 4 days time all 
stems were dr>" except those in the sterile fresh culture solution. 
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The results of these experiments indicate that a toxic principle is pro- 
duced in Ihe culture solution u])on which P. expansum has grown, and that 
tliis product of fungus growth is capable of causing wilting in certain her- 
baceous plants, whether absorbed through the cut ends of the stem or 
through the roots of the growing plants. This ])rinciple has proved to be 
thermostable and non-volatile, as was determined by Fahmy for the toxic 
principle produced by F. solani. 

This work indicates tliat the production of a wilt-inducing principle in 
culture solutions is not limited to plant pathogens such as Fusarium sp., 
but that a sajirophytic fungus like Penicillium may act in a similar manner. 
^ Division of Plant P\tiiolooy, 

I'NIVKRSITY OF OaLIFOUNIA. 
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PHYTOPATHOLOGICAL NOTES 


Infection prodwed hy the spores of Vsiilmjo striaeformis (Westd.) 
Niessl. — Tlic writer has experienced difficulty iu infecting timothy with 
germinated spores of UstHayo striaeformis from timothy. Preliminary 
results ])oint to seedling infection as a good percentage in one lot of inocu- 
lated plantlets show infection after three months while the checks are not 
infected. Investigations are now under way to verify this preliminary 
experiment and complete tlie i)roblem.— W. II. Davis. 

National Southeastern IJuirersity of Nanking, China. — On tlie 12th of 
December, 1923, the main building of the College of Agriculture of the 
National Southea.stern University of Nanking, China, was destroyed by tiro. 
Practically all of their library dealing with the Entomology and T’lant 
Pathology was destroyed. The work in Plant Pathology was ,iust getting 
well under way in this Institution. This di.saster will greatly handieaj) tin' 
work there. An appeal has been made to me by Pi’ofessor F. L. Tai, of the 
Department of Plant Pathology, and by Professor G. P. dung, of the De- 
partment of Entomology, asking for the a.ssistanee of their American 
colleagues in the matter of reprints, bulletins, etc., dealing with Plant 
Pathology and Entomology. I trust that the members of the American 
Phytopathological Society will each contribute whatever they can from their 
publications. Contributions should be mailed to either of the above-namt'd 
professors or to Professor P. W. Tsou, Dean of the College of Agricultui'e 
there.— H. H. Whktzel. 


Honors for Dr. A. Jaezewski. — The Mycological section of the Itus.sian 
Botanical Society, the i)ermanen1 Board of the Entomo-Phytopathological 
Congrcs.ses and the State Institute of Experimental Agronomy announce 
that on February 27, 1924, at 1 p. m. in the rooms of the Hale Institute of 
Experimental Agronomy (Petrograd, Morskai’a street, 42) was celebrated 
the thirty-fifth annivci’sary of the scientific activity of Professor A. dac- 
zew.ski. The order of the day consisted iu the reading of telegrams and con- 
gratulations and in the offering of a special medal for remembrance of this 
day of aimiversary. 
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THE COLORIMlTRIC DETERMINATION 
OF H-ION CONCENTRATIONS 

The coiivenienee and relative preidshui with whieh ihe llydrogen-ion eone<‘ritrnlion of RolutionB 
can be eolorimetrically determined with the use of eertiiiii Indicators and standard buffer solutions 
has led to wide use in laboratory work in the study of many physiological processes, of the acti- 
vation of enzymes and of the growth of bacteria. In this latter field, the method has already 
become standard for the control of the true reaction of culture media. See Clark and Labs, Jonr- 
nal of JUuieridlmi, l,t, 9 {19J7). 

A comprehensive discussion of the whole subject from both the theoretical and practical 
standpoint is to be found in ‘‘ Thp Determinat um Hydmoev-ions," Dr. W. M. Clark, Ilaltimore. 192:}. 
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Purple covers praetleally the same range as litmus, and is riiorv* brilliant and reliable 

Per Per 

Common Name pll range diemleul Name 0.1 gram 1 gram 


Common Name 
Thymol Blue - aeld range 


pll range 
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USPULUN 

TO THE PLANT PATHOLOGISTS, AGRONOMISTS, ENTOMOLO- 
GISTS AND BOTANISTS OF AMERICA ! 

You already know 

Of the reputation USPULUN, the orijrinal ehlorophenol mercury com- 
pound, has made for itself during? many years; 

Of its established superior quality as a seed disinfectant ; 

Of its rare combination of this quality with the power to stimulate 
plants ; 

Of its ^reat convenience; it is completely soluble in water; 

Of its absolute safety; there is no injury to the seed, but ratlier a fjain 
in per cent of ^germination ; 

Of the many imitations that have sprung into existence as a result of 
the remarkable success of USPULUN. 

You will be interested to know 

That the Crop Protection Institute has inauKurated expt'rimonts at several statioiLS 
in the United States and Canada in which USl’ULUN will be tested as a control for 
the smuts and other diseases of the small grains, in comparison with the old standard 
disinfectants, coiiper sulphate and formaldehyde. 

Let us persuade you 

To experiment with it this season on corn, beans, cotton, potatoes and other crops 
of all kinds that still remain to be planted. 

We shall be glad to furnish you without charge with any de- 
sired quantity of USPULUN for experimental work. 

We have on our staff 

A well trained plant pathologist, who is here to serve you, as well as to serve us. 
Let him help you in organizing your experiments. He will consult with you freely with 
regard to our various agricultural products, their range of usefulness, their limitations, 
etc. lie will supply you with literature references which deal with results that have 
been obtained with these products. 

THE BAYER COMPANY, Inc. 

AGRICULTURAL DEPARTMENT 


80 VA|UCK ST. 


NEW YORK 
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SPORK (iERMINATlUN OP PSTILAGO STRIAEPORMIS 

VV I L 1. 1 A j\i Harold I ) a v t 
With T*lates XTV-XVl and One Text Figure 

During’ each decade ol* the last hall* century, some scientific investigator 
has endeavored to germinate tlie smut spores of Ustilago striaefonnis 
(Westd.) Niessl which parasitizes some ot‘ our most important economic 
grasses. Publislied observations of these investigators slu)w that conditions 
for the successful germination of the smut spores of this fungus have not 
been understood and, for this reason, there has been more ot* less sr)ecula- 
tion as to whether the organism is an Fstilago or a Tilletia. Furthermore, 
in later years, mycologists and pathologists have assigned the smut organ- 
isms on our common grasses to one morphological s})ecies of Fstilago, 
U, striaeformis, regardless of the grass host ]>arasitized. Tins was ])robably 
due to tlie fact tliat the symf)toms of the disease and the sizes and echinu- 
lated surfaces of tlie spores are comparatively tlie same on each of the dif- 
ferent grass hosts, liven if there is only one morphological spe^des, the 
])roblem of ])hysiological races and the life history of the organism cannot 
be solved until the conditions for the germination of the spores have been 
definitely determined. 

This investigation was undertaken for the s])ecific purpose of determin- 
ing the natural conditions under which the spores of this smut germinate, 
the nature of the germination, the genus of the fungus on each host 
investigated. 

THE DISEASE 

The leaf smut of timothy appears on the leaves and stems of grasses as 
long, narrow, dark striations which split open and shred the leaf blades into 
long strips. (Plate XIV, fig. 1.) The writer has observed these .striations on 
rhachides, rhachillae, glumes, lemmata, palea, stamens and ovaries of tim- 
othy and redtop plants. Ovaries of timothy and redtop are sometimes filled 
with spore masses similar to smutted ovaries in the closed smuts of cereals. 

^ The writer wishes to express siiieore appreciation to Professor L. R. Jones for his 
inspiration and assistance during this investigation and in the preparation of the manu- 
script; to Dr. J. J. Davis and Dr. J. G. Dickson for suggestions and criticisms. 
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(Plate XIV, fip:s. 2, 3, 4 A~B.) Also, there is a noticeable dwarfing of the dis- 
eaKsed culms which average about six tenths of the height of healtliy ones. 
Diseased culms seldom bear seeds but when they do, the yield is about one 
fourth the number commonly observed on healthy j>lants. 

The striations and smutted ovaries are filled with spores,^ tlie surfaces 
of which are covered with a thin, hyaline wrinkled membranous tissue 
appearing microscopically as a fine network. In this network are spines or 
aciculae less than one micron in length and from thirty to seventy on one 
facies of a spore. Underneath the network is a rather thick colored 
layer, the exosporium, which covers a thicker, hyaline layer, the endo- 
sporium. No germsporcs were observed in the spore walls. (Plate XIV, 
fig. 4, P-G.) 

The measurements of 50 fresh smut spores removed from dried leaves of 
different hosts and mounted in water follow : 

Timothy 8.4 X 11 microns 

Uedtop 9.3X11.1 

June grass 8.6X10.2 ** 

Orchard grass 10.7 X ll.r> 

Limits for all four hosts, 8-11 X 10-12 microns. 

The writer has collected U, sfriaeformis on the following hosts: redtop, 
Agrostis palustris Huds. ; timotliy, Phleum pratense L. ; June grass, Poa 
pratensis L. ; orchard grass, DacItjUft glomerata L. Although this smut lias 
been reported as a parasite on about 40 different species of tJie Gramineae, 
this investigation deals with the smut found on timothy, redtop, elune and 
orchard grasses only. An examination of reports from various countries 
and states would lead one to believe that tlic disease is principally confined 
to the humid central portion of the north temperate zone between the north 
parallels of 30 and 50 degrees. Different reports of losses within this area 
vary. Clinton (7) cited an instance where the seed production was reduced 
from 30 cwt. to 70 cwt. In 1905, he re])orted the parasite especially harmful 
to lawn grass which observations confirmed PammeUs of 1893-1901. Osner 
(19) found the loss as liigh as 30 per cent, while Johnvson and Haskell (16) 
reported a slight loss in Minnesota, Wisconsin, Idaho, and a trace in Iowa. 
The writer s observations verify the above repoi’ts. The most critical period 
for infected plants occurred during periods of drought when over 90 per 
cent of the infected plants succumbed. Thus most of the losses may be 
placed in four classes; (1) reduction in yield of hay as indicated by shred- 
ding of diseased leaves; (2) reduction in amount and quality of seed; (3) 
lowering the carrying capacity of pastures; (4) injury to lawns. 

2 In conformity with common usage, the term smut *^8i)ore’^ is here used synony- 
mously for ehlamydospore. 
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METHODS 

Sx)ore ^germination tests were made of smutted materials from timothy, 
redtop, June and orchard grass and then portions of each of these materials 
were i)laccd in wire packets stored outdoors. The remaining portions were 
placed in corked vials lined with w^et filter paper and stored in the labora- 
tory. In addition, some infected jdants were marked in the field ; others 
removed from the field, transplanted into pots and grown in the green liouse. 

The mycelium in all liost tissues was well differentiated by staining with 
Flemming’s safranin -gentian- violet-orange G., employing a 120 : 2 : 1 minute 
staining schedule. The germinated spores were stained according to a 
method described by the author (11). 

The agars, solutions and decoctions were prepared according to formulae 
described by Duggar, Jensen (15), (luillermond and Tanner (13). 

Tlie percentage of syiore germination was obtained by counting 100 
spores in an average field under the 8 mm. objective and, at tlie same time, 
recording the number germinated. The average germination obtained from 
a number of such counts w’as recorded as the percentage of germination for 
the sam])le. 

(irORMINATK)N OF FRESH SFORES 

Hrefeld (3, 5) sliowed that some smut spores which germinate si)arsely 
or not at all in w^ater, germinate and sporulate satisfactorily w’hen incubated 
in nutrient solution. In an einleavor to find a medium suitable for germina- 
tion, smut spores from timothy, redtop, June and orchard grass were incu- 
bated in various solutions and on different substrata under different condi- 
tions of air, heat, light and moisture. The spores were removed from 
infected green leaves, from infected leaves in the bud not yet unrolled and 
from old dried leaves gT’owing in tlie field and in the greenhouse. 

A list of materials emi)l()yed follows; sterilized, unsterilized and filtered 
water from melted snow’, from a tap and from a cistern; jui(*es ot‘ {>otato 
tuber; rhubarb petioles, cherry, apple, grape, pear, peach, lemon, orange, 
tomato, plum and ])rune; decoctions ])repared from different parts of the 
grass hosts (roots, culm, leaf, blossom and seedling), prunes, raisins and 
manures; water solutions of nectar from the Easter lily, ajihid honey 
dew,” honey, molasses, renin, })epsiii, try])sin, saliva, vitamine B, ammonia 
and wdne; nutrient solutions such as Cohn’s, Pasteur’s, Laurent's, beer- 
wort, beef broth ; agars as prune, potato dextrose, ])otato, corn meal, oat, 
water and beerwrort; substrata composed of plant parts as roots, stems, 
leaves, flowers, seeds, seedlings and decayed parts of the hosts ; also on damp 
filter paper and pith laid on acid, alkaline and neutral soils and submerged 
in the soil water; solutions of acids such ns oxalic, malic, citric, tartaric, 
sulphuric, nitric and hydrochloric. 
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In fifty spore germination tests with water from different sources, less 
than ten germinated spores from timothy were observed and those in two 
cultures. Pour repeated trials with the solutions apparently favorable in 
the first trial, showed the smut spores from June grass germinated less than 
0.5 per cent in the decoctions but germinated spores were also found in the 
distilled water cheeks. Smut spores from June grass also germinated in a 
0.2 per cent citric and malic acid solutions adjusted to + 15 and + 20 
Puller’s scale. However, a repetition of this experiment employing two- 
months ’-old spores from timotliy gave good spore germination from 5 to 
-f- 16. This test together with others showed that the age of the spore influ- 
enced the results and was a greater factor in germination than the acidity 
of the solution employed. 

Thus it would seem that favorable germination of fresh smut spores 
from timothy, redtop, June and oreliard grasses is not entirely dependent 
on any one of the following factors: (1) age of the infected green leaf from 
which the spores may be removed ; (2) the kind of solution, decoction, plant 
part or other substrate on which the spores are ])laced ; (3) intermittent 
freezing and thawing; a certain temperature or varying amounts of air 
and moisture. 


SPORK DISINPEOTION 

The surfaces of after-rii)ened spores from timothy and orchard grass 
were sterilized in a four per cent and a one per cent copper sulfate solution, 
a 1 : 1000 mercuric bichloride solution and sterile distilled water acting for 
inteiwals varying from one to fifteen minutes. The spores were separated 
from the liquids by methods commonly used for such work emi)loying a 
centrifuge and the necessary aseptic precautions. After sterilizing and 
centrifuging, the spore samf)les were transferred to (’ohn's, Laurent’s and 
Pasteur’s solutions with and without a five ])er cent molasses solution ; beer- 
wort, manure extract, a 10 per cent strained honey solution, sterile water; 
to agars as potato, nutrient, onion, beerwoH, oat and Czapek’s. The H-ion 
concentration of Czapek s agar was varied as follows: pH 4.2, 4.8, 5, 6, 6.2, 
7.1, 8.4. 

The results showed that either a four per cent or a one per cent copper 
sulfate solution acting on the after-ripened spores from timothy and 
orchard grass for five minutes x)revonted germination. A few spores germi- 
nated after being treated for three minutes in the copper sulfate solutions 
but the spore surfaces were not always sterilized. In no case did the 
treated spores germinate over five per cent, while the checks germinated 50 
to 90 per cent. 

Spores treated two minutes in the mercuric bichloride solution failed to 
germinate while the untreated checks germinated 30 to 90 per cent. This 
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solution like the copper sulfate solution proved unsatisfactory because a 
suflfieient number of the spores did not remain viable after the briefest 
period for which tlie spores could be conveniently treated. 

Cohn’s, Pasteur’s and Laurent's nutrient solutions, manure decoctions 
and beerwort did not cause abundant formation of typical sporidia. The 
promycelium ^rew and branched in the honey solution but typical sporidia 
failed to develop. 

On agars, a few f>rornycelia grew in length about twice the spore diam- 
eter, after which growth ceased. Several promycelia branched but failed to 
form actively growing sa]»ro})hytic mycelium during the 60 days they were 
under observation. Oat agar gave the l)est results as the promycelia were 
slightly longer. Varying the pll value of Czapek's agar seemed to have 
no beneficial effects on the growth in length of the i)romycelium and forma- 
tion of typical si)oridia. 

AFTER-RIPENING AND GERMINATION 

Brefeld (4), Paravicini (27), Kniej) (17), Anderson (1) and Bauch (2) 
recognized the importance of an after-ri])ening or a rest period for smut 
sf)ores previous to their spore germination and infection experiments. 
Fischer von Waldheim, Pammel, (Hinton, Osner and others failed to success- 
fully germinate the spores of IL striaeformifi even when collected from 
materials of different ages. Osner (19) endeavored to find an after-ripening 
period f(»r these smut spores by ]dacing smutted portions of tiiuothy between 
wire screens which were then stored outdoors. However, he was unsuccess- 
ful in germinating spores from his stored materials. Thus it can be stated 
that no after-ri])ening ])ei*iod for the spores of T. siriaeforynis has been 
observed and described. 

For the purpose of finding whether the spores of striae fonnis have 
an after- ripening period which might have been overlooked by the previous 
investigators, highly infected green leaves were collected from timothy, 
redtop, dune and orchard grass growing in the field. Sam})les of each of 
these collections were stored in the laboratory and outdoors as previously 
desci'ibed. Weekly spore germination tests were made from each sample of 
stored materials which represented collections made during different months 
of the year as those from timothy wei*e collected and stored during the 
months of February, A])ril, dune, July, August and October. All data for 
each stored spore sample w’as tabulated but lack ot space prohibits the 
presentation of this tabulation showing the name ot the host, where the 
materials were stored, date when the s])ores were placed to incubate, date 
and per cent of maximum germination, after-ripening period in days, date 
for the cessation of germination and period of spore viability. However, a 
summary of these observations is to be found in table L 
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TABLE 1 — A summary of spore germination tests showing the periods of 
after ‘Yipening^^ viability and germin ability''^ for the smut spores of 
U. striae form is 


1 

After-ripening 

conditions 

Average after- 
ripcning periods 

Average 

periods of 

! Vr, rv-P 

Grass hosts 

viability 

germinability 

samples 



Days 

Days 1 

Days 


1 

Timothy j 

1 

Laboratory j 
Outdoor ' 

206 

302 

287 

341 ! 

70 

72 

5 

3 

Kodtop 1 

Laboratory ' 

302 

347 

71 

6 

Outdoor 

230 

303 

84 

2 

1 

J line ! 

1 

Laboratory I 
Outdoor 

197 

230 

341 

323 

120 

1 117 

3 

3 

1 

Orchard 

Laboratory 

Outdoor 

231 

1 2.34 

306 

319 

i 70 

1 64 

3 

1 ^ 


^ The after 'ripening period is used synonymously with rest i)eri()d, rind dormant 
period. This period has usually been considered as the interval elapsing between spore 
formation and spore germination, but as the time of spore formation could not be 
accurately determined, the after-ripening period has been considered here as the interval 
which elapsed between the death of the green host tisvsucs in w’hich the spores were formed 
and the date of a test showing the maximum percentage of germination. The host tissues 
were considered dead on the same day as removed from the plant and stored. 

''^Period of viability: The period of after-ripcning and the period of gerrninability of 
the smut spores — longevity of tlie spores. 

'^Period of germinability : Elapse of time from the after-ripening period to the 
natural death of, ungerm iiiated smut spores. 

From table 1 it is to be noted that the sjiores of sf riaeformis from 
timothy, redtop, June and orchard j^rass g*ermiiiated satisfactorily after 
passing? through an after- ripening period of approximately 250 days. Ex- 
periments showed that the after-ripcning fieriod for the spores in green 
materials stored in the spring was longer than for similar materials stored 
in the fall. Also, the after-ripening period was shoi-ter for spores in dead 
materials than for tho.se in green materials stored at the same time and 
under similar conditions. Thus after-ripening begins with the spores in the 
host. One lot of sjrores collected on July J, from timothy and redtoj), ger- 
minated 30 per cent but after storing for 28 days, 90 ]>er vent, So by 
chance, during tlie summer, one might find in dead, overwintered leaves 
spores which are after-ripened and germinable. 

Five different samples of smutted materials from each of throe hosts 
were subjected to the fumes of chloroform for one minute then submerged 
in a 10 i)er cent citric acid solution for five minutes, washed and set to 
after- ripen. This treatment decreased the after-ripening period of spores 
from timothy about thirty days; from redtop, 18 days, and fi*om June 
grass, 20 days. However, the period of after-ripening following this treat- 
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ment depended soinewliat on the tein])erature at which the spores were 
stored, about 20 (J. beinj? the most favorable. One lot of treated si)ores 
stored at 8.5® C. after-ripened after 332 days; a second lot at 16° C. after 
200 days and a third lot at 19.2® C. after 186 days, while other lots set at 
5 and 30 C. tailed to show after-ripening. Spores in the untreated cheeks 
also failed to after-ripen at 5® and 30® C. 

The average i)eriod of viability for the smut spores from all four hosts 
was 320 days. However, one lot of s})<)res in green leaves of redtop remained 
viable in storage for 460 days, the maximum ])eriod observed. The mini- 
mum period of viability was 124 days and this was for spores in a sami)le 
ot old smutted timothy leaves collected in March and stored in the labora- 
tory. These spores had been formed no later than during November of the 
jirevious year or 150 days previous to storage thus giving a viability of 
about 300 days or nearer the average, 320 days. 

When the smut s|)ores were once after-ripened and stored in a humid 
atmos])herc at 20° C. they retained their germinability for a])proximately 
75 days exce})t the spores from June grass whi(*h retained germinability for 
120 days. This y>criod of germinability was difficult to ascertain with abso- 
lute certainty as each test was made with a separate lot of spores and various 
lots were under different conditions even in the same leaf. Observations 
showed that the ])eriod of germinability for smut si)ores formed in the fall 
was the same as for those formed in the spring. However, Bauch (2, j). 
245) observed that the si)ores of V. longinHima retained tlieir germina])ility 
about 120 days but spores formed in the fall remained viable longer than 
those formed in the si)ring. 

Thus the period of germinability for the spores from timothy, redtoj) 
and orchard grass was apf)r()ximately 75 days and for smut spores from 
June grass, approximately 120 days. 

Experiments wei’e conducted to determine the effects of air-drying on 
the periods of viability and germinability. Smutted timothy plants in her- 
barium materials which had been stored for 1 1o 20 years we!*e stored for 
the spores to after-i*ipen. The results showed that materials thus dried in 
herbarium packets for one year or more were non-viable. One lot of smut 
s}>ores from timothy remained viable under dry-air conditions lor 140 days 
and a lot from redtop, 67 days. These wei-e the maximum periods observed 
for spores from these hosts. If after-ripened spores were air-dried, they 
ceased gennination, and thus their period of germinability was shoilened. 
While, after-ri])ening, the spores from all four hosts seemed to withstand 
arid outdoor conditions fairly well but when alter-ripened they quickly 
succumbed to similar arid <‘onditions. 

Observations of conditions for germinating spores of T\ striaeformia 
removed from all four hosts seemed to warrant the following statements: 
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1. Spores from different ])ustules within a leaf vaiy in the time of ger- 
mination and length of viability. 

2. If old diseased leaves and green diseased leaves are placed under 
proper conditions for spore after-ripening the .si>ores in the old leaves after- 
ripen and germinate fii*st. 

3. Smut spores in leaves overwintered at the base of a culm after-ripen 
sooner than spores removed from green leaves on the same plant collected 
in tlie following spring or summer. 

4. Spores from the base of a leaf sometimes germinate before those from 
the tip. 

5. Storage in a moist atmosphere favors after-ripening. 

6. Alternate drying and moistening the materials in the early periods 
of after-ripening seems favorable to after-ripening. 

7. Drying after-ripened spores for a period longer than seven days 
greatly decreased the viability, while dicing tliem one to two days stimu- 
lated germination in three cases. 

8. Smut spores from infected timothy stored in herbarium packets for 
140 days and from redtop 67 days, then set to after- rij)en, germinated 40 
per cent showing that drying spores soon after spore formation docs not 
impair or diminsh the viability as much as drying them during the after- 
ripening period, 

9. Low temperatures delay after-ripening; 20"* V. being the most 
favorable. 

10. Contaminations in sjiore germination ciiltures are generally unfavor- 
able to germination. After-ripened, viable spores germinate well when on 
the surface and when submerged in water; also, when within decayed liost 
tissues and ‘‘spore balls.” 

11. Fresh smut spores treated with chloroform and citric acid after- 
ripen and germinate three to four weeks earlier than untreated checks. 

12. The approximate periods associated with the germination of the 
smut spores from timothy, redtop, June and orchard grass were observed 
as follows: after- ripening, 250 days; viability, 325 days; germinability, 75 
days, except June grass with a germinability of 120 days. 

MORPHOI.O(HCAn FEATITR?:S OP (JERMINATIKG SPORES FROM TIMOTHY, 
REDTOP, JUNE AND ORCHARD GRASSES 

Pammel (26) stated that the spores of Tilleiia striaefonnis (Westd.) 
Magnus (7^ striae formin) germinated readily and in the same way as those 
of the stinking smut of wheat, Tiltetia fociens (B. and (\) Trel., but Clinton 
found the spores germinated with difficulty and the promycelia of ger- 
minated spores from redtop bore cross-walls as those in the genus Lstilago. 
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Osner (19) reported cross-walls and “well developed clamp connections’’ 
in the promycelia on two slides where a few spores from redtop germinated. 
A review of the publications by previous investigators shows there remains 
some doubt regarding the type of germination of the spores of U, striae- 
formis on timothy, redtoj), June and orchard grasses. 

Germinating spores from timothy (Plate XV). — After properly incubat- 
ing after-ripened smut si)ores from timothy for 12 hours, rifts appear in 
the exosporium (Plate XIV, Pig. 4, P) and later a hyaline germtube, the 
j>romycelium, emerges. Promycelia were two to six microns in diameter, of 
varying lengths from 30 microns to one millimeter when submerged in 
liquids and filled with granular, vacuolate, deeidy staining protoplasm. 
The wall of the y)romycelium is hyaline and continuous with the spore 
membrane. 

After 24 to 48 hours incubation, the granular protoplasm advances and 
assembles in the tip of the yiromycelium leaving a hyaline portion between 
it and the spore. Slides bearing stained spores which had been incubated 
48 to 72 hours showed the promycelium beai‘s cross-walls and one to five 
branches or lateral sporidia which generally appear near the cross-walls on 
the side towards the s])ore. The cross-walls, number and length of lateral 
sporidia were aided by the following factors: (1 ) spores germinated at the 
termination of their aftcr-riy)ening period; (2) germination at low tem- 
pei-atures, 12° (3) acid solutions; (4) nutrient solutions such as apple 

juice, honey, Cohn's and Laurent's. In some old cultures, lateral sporidia 
developed in these nutrient solutions branched, bore cross-walls and dupli- 
cated the original promyceliuin and its i)arts. This was cs])ecially notice- 
able in honey solutions. 

So many unsuccessful attempts were made to discover conditions under 
which promycelia would form typical si)oridia that the author believes typi- 
(‘al sporidia seldom, if ever, form on the jiromycelia of germinating smut 
sf>ores from timothy. The types of germination for these spores seemed to 
fall in the same category as tliose of trifici^ dura and TL nudoy cited 
by Paravicini (271 as “the mycelium is the whole state of the matter.” 
For this reason, Ilerzberg (14) assigned organisms with spores germinating 
in this manner to the genus 1 'stilagidium. 

Brefeld (3) and Bauch (2) showed that germinating spores of U. longis- 
sijyta formed primary sporidia which under favorable conditions, either 
fused with other sporidia, budded or developed into mycelial threads. 
Paravicini (27) also showed that s])ccies of Tstilago form these buds or 
secondary sporidia which may fuse forming a conidium and this in turn 
develop a mycelial thread. 

Primary sporidia were sometimes cut off the tips of a short prom^ celium- 
like growth protruding from the spore or remained within the spore walls. 
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These were observed especially among spores from timothy after-ripened 
during an unusually short. ])eriod, treated with organic acids previous to 
germination, germinated in a weak solution of organic acid at low tem- 
peratures, as 15® C., or at high temperatures of 29® to 30° (Plate XV, Pig. 
8-16). A unicellular primary s])oridium sometimes developed, dividing 
‘‘in situ’' to form a necklace of cells which gave the appearance of a pro- 
mycelium composed of several short uninucleated cells (Plate XV, Fig. 16). 
In weak organic acids and nutrient solutions, some primary sporidia formed 
buds which appeared uninucleated in stained slides. In three cases primary 
sporidia fused, the contents of one passed into the other and formed a 
conidium which developed a mycelial thread. Primary sporidia were 
observed emerging from the smut spore and budding. 

Primar>^ si)oridia varied from 3 to 16 microns in length and from 1.5 to 6 
microns in width. Most of those observed in stained slides contained two 
nuclei and granular i)i‘otoplaHm with vacuoles. On stained vslides, it was 
difficult to distinguish i)rimaTy sporidia from promycelia as the final out- 
come of germination could not be further observed without developing 
special technique. (Plate XV, Fig. 8-10.) Home of the apparently shorter 
primary sjmridia were uninucleate. The above observations of germinating 
smut spores irom timothy may be summarized. 

1. Typical germination in water produces a long proniyeelium bearing 
one to five lateral sporidia, branched or unbranched, wxWi the protoplasm 
assembled mostly in the tip or tips. 

2. The promy(‘elia and lateral sj)oridia sometimes i)ossess cross-w^alls, 
branches or lateral sporidia. 

3. Primaiy sporidia are formed directly from the spore Or within spores 
similar to those formed in Tl, longissivia. 

4. Typical sporidia are seldom if ever formed. 

5. Sporidia sometimes fuse forming conidia which develop mycelia. 

6. Buds are formed on primary s])oridia but sometimes emerge directly 
from the germinating smut spore. 

7. The ty])ical germination of these smut spores is similar to the ger- 
mination of the spores of U, fritici, JK nuda and U. dura. 

Ge rumination of spores from redtop (Plate XVI, Figs. 1, 2, 4). — Hmut 
spores from redtop were after-ripened, incubated, germinated and stained 
by methods previously described for the smut sj)ores from timothy. 

The granular protoplasm sometimes advanced to the tip of the ])roniy- 
celium ; other times, the content was granular and bore one to five branches 
or lateral sporidia. The promycelia and sporidia bore cross-walls. Primary 
sporidia sometimes T)rotruded from the spore but at other times remained 
within it. ITninucleated buds were formed from spores, primary sporidia 
and otlier buds. 
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Thus the ffermiuatioii of the sjjorcs from rcdto]) was of the same type 
and agreed favorably with the partial description by Clinton and Osner. 
However, no clamp connections between promycelial cells were observed in 
the numerous spore germination cultures. As far as could be determined, 
the germination oi the spores from redtop was identical with that pre- 
viously described for spores from timothy. 

Gerwinuted apores from June grass (Plate XVI, Figs. 3, 5-7). — Obser- 
vations of numerous spore germination cultures showed that the typical 
germination for most of the smut spores from June grass was similar to 
the germination already described for the smut spores from timothy and 
redtop. However, in two lots of germinating spores, tlie promycelium 
together with its lateral sporidia se[)arated from the spore and a disturbance 
of the liquid caused some of the sporidia to separate from the promycelium. 
In different cultures, two of these free sporidia came in contact, fused either 
laterally or ai)ically and formed a conidium which developed a mycelial 
thread or buds. 

When after- ripened smut spores were treated with acids and incubated 
in weak solutions of organic acids or in water, primary s})oridia sometimes 
developed acro])ically aiul apjiarently divided in place giving the ai)pear- 
ane(' of a promycelium conqmsed of two to five short cells. These primary 
sporidia sometimes bore buds lat(‘rally and a})ical]y. (Plate XVI, Fig. 8.) 
As far as determined, most of these buds were uninucleate when formed. 

I^ius the common ty])e of germination for the smut spores from timothy, 
redtop and June grass was similar with the additional fusion of lateral 
s!)oridia observed in the germinating smut spores from redtop. 

Germinaiivg snnif spores from orchard grass (Plate XVI, Figs. 8-10). — 
Wliile fewer cultures of germinating smut spores from orchard grass 
than from timothy were under observation, yet tliere were sufficiently large 
numbers to show no decided, external differences in the type of germination 
However, some lateral s])oridia formed exceptionally long, septate liyphae. 
Otherwise, the common type of germination for the spores from timothy, 
redtop, June and orchard grass was the same. 

RELATION OF TEMPERATURE TO GERMINATION 

The influence of temperature on the germination of these smut spores 
was determined by incubating the sjiore samples in an Altmann incubator 
where the temperatures of the compartments ranged from 6 to 20 C., 

at approximately 2° intervals. For temperatures ranging from 20” to 
38 (\ incubators and electric ovens wTre employed. The temperatures 
were read three times daily and only averages were reported in the results. 
Where neither the li(|uid nor definite temiieratures arc stated for the ger- 
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mination tests, a room temperature of abou^ 20'’ C. and distilled tap water 
were employed. 

Fresh smut spores from all four hosts weiN-^ set to germinate at tempera- 
tures ranging from O'* to 38'’ C. and the samp\es interchanged from low to 
high temperatures. Spores that had remained outdoors during zero weather 
were tested for germination at the various temperatures. All results were 
negative and sliowed temperature is not the important factor for inducing 
the germination of the fresh smut spores. 

As there was no exj)erimental evidence on the relation oh temperature 
to the germination of spores of Ustilago striaeformis, after-ripened spores 
w^ere incubated at the different temperatures stated above to determine the 
minimum, optimum and maximum temperatures. Data were averaged from 
three trials and the results are shown in figure 1. 



Fig. 1. Curves showing the effect of different temperatures on the percentuge of 

gerniiiiatioii of after-rlpeiied smut spores from three difforeiit hosts; timothy 
* (T), r€‘dtop, (R), and June grass (J). 

The following conclusions were drawn from these germination tests ; 

1. The after-ripened smut spores from timothy show a minimum ger- 
mination at 12° C. ; optimum, at 25° C., with a range from 20° to 30° C., 
the maximum being 37° C. 

2. In general, the cardinal temperatures for the germination of the smut 
spores from timothy, redtop, and June grass may be stated : minimum, 7° C., 
optimum, 22° C., maximum, 35° C. 

3. After-ripened smut spores from orchard grass were set to germinate 
at 8°, 22°, and 38° C. The results showed that the cardinal temperatures 
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for the germination of the smut spores from orchard grass arc about tlie 
same as those stated above for timothy, redtop, and June grawss. 

TAXONOMY 

Only a briei history of the taxonomy of tJiis pathogen need be given here 
as it has been reviewed by Osner (19) and others. The following is a list 
of the more important synonyms for the fungus as it has been described on 
various hosts : 


Vstilafjo sfriaefonnis (Westd.) Niessl 

1. IJredo longissima var. hold Cesati. Klotz. Kaben. Herb. viv. Myeol. (No. 

1498). 1850. 

2. Freda striae forrnis Westd. Acad. Roy. Belg. Bui. 18 : Ser. 2, 406. 1851. 

3. Tilletia de Baryana Fischer von Weldheim. Raben. Fungi eur. (No. 

1097). 1866. 

4. Fsfilago striaefitrmis (Westd.). Niessl in Hedwigia 15 : 1 . 1867. 

5. Tilletia striaeformis Oud. Oudemans in Bot. Ztg. 36: 440. 1876. 

6. Title fin striaeformis (Westd.) Magnus. DeToni in Saee. Syll. fung. 7 : 

No. 2, 484. 1888. 

7. J^stilago striaeformis (Westd.) Niessl. Clinton in Til. Agr. Exp. Sta. 

Bui. 57: 348-349. 1900. 

From the above list of synonyms and the historical sketch of the spore 
germination studies as f)reviously described, it is to be noted that definite 
information regarding the germination of the smut spores from timotliy, 
redtop, June and orciiard grasses had been wanting and until this informa- 
tion could be supplied, the genus of the organism on all four of these hosts 
still remained in doubt. 

A brief review of tlie data obtained from this detailed study of ger- 
minating smut spores from timothy, redtop, June and orchard grasses 
demonstrates that the fungus on these four hosts is an I^stilago: 

1. Sporidia form on the sides of the septate ])romycelia. 

2. Sporidia fuse and form conidia which develop mycelial threads. 

3. Primary sporidia develop directly from the si)ore. 

4. Yeast-like buds (‘'Hafenpilze’’) may form directly from the spores, 

primary s{)oridia and from other buds. 

5. The above characters are similar to those assigned the genus TTstilago 

by Brefeld, Rawitscher (28), Paravicini, Bauch and other inves- 
tigators. 

6. Similar types of germination have been reported for F. nuda, V. 

iritici, U. longissima, IJ, dura and U. violacea. 
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Thus this smut parasitizing timotliy, recltop, June and orchard grass 
should be known as Vsiilago striaeformis (Westd.) Niesvsl unless inocula- 
tions show there are different species or physiological races on the different 
grass hosts. 

SUMMARY 

Results of these spore germination studies may be summarized as 
follows : 

1. The smut spores of V. striaeformis arc resting s])ores and, under 
natural conditions, must pass through a period of after-ripening before 
germinating. The spores from all four hosts after-ripened best when stored 
in a damp atmosphere at about 20° C. After-ripening under laboratory 
conditions required an average perioil of 240 days ; under field conditions 
about 265 days. 

2. Alternate freezing and tliawing were not necessary for germination. 
Smut si)ores wliich formed on all four hosts grown in the greenhouse and 
after-ripened at 20° C. germinated over 80 per cent. 

3. After-ripening was hastened three to four weeks by exposing fresli 
smut spores to the fumes of chloroform for one minute, tlien submerging 
them in a 10 per cent citric acid solution for five minutes, washing and 
storing in a damp atmospliere at 20° C. 

4. A sparse germination of spores removed from green tissues of tliree 
hosts was obtained by incubating the spores in 0.02 })er cent solutions of 
malic and citric acids. The chemical treatment generally liastened the after- 
ripening process and, in some instances, seemed to stimulate immediate 
germination. 

5. Good germination of after-ripened smut spores from all four hosts 
was obtained consistently by incubating the spores in water at 20° C. Tl]e 
after-ripened spores did not germinate on most filter ])ai:)er, soil and otlier 
surfaces unless sufficient moisture was ijresent to float tlie spores or cover 
them with a film of solution. 

6. The cardinal temj)eratures for the germination of the smut spores 
from all four hosts follows: minimum, 7° C. ; optimum, 22° C., and a maxi- 
mum, 35° C. The minimum and maximum temperatures varied several 
degrees for the spores from different hosts; notably those from timothy 
where the minimum was at 12° C. and the maximum at 37° C. 

7. Tlic type of spore germination for all four hosts was the same. The 
promyeelia were at first unicellular and multinucleate but under certain 
conditions became multicellular with four to five lateral sporidia ; however, 
occasionally only one lateral sporidium formed on the sides. The granular 
protoplasm assembled in the tips of unicellular promyeelia which sometimes 
formed lateral sporidia. Secondary sjK)res or buds were usually formed 
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from conidia, primary sporidia, lips of the promyeclia and other bnds. 
Under certain conditions primary sporidia were formed directly from the 
spore. Lateral sporidia sometimes fused and formed conidia which devel- 
oped buds and mycelial threads. 

8. The germinated spores failed to form saproi)hytic mycelium and 
typical sporidia on decoctions, agars and other substrata. 

9. The germination of these spores as well as the structure of the ger- 
minated spores was similar to those described for other smuts in the genus 
Ustilago; notably, JJ. iritici (Bjerkander) Winter; V. nuda (Jensen) Kel- 
lerman et Swingle; U, hordeii (Fersoon) Kellerman et Swingle; IJ, avenae 
(Persoon) Jensen; II. viola ceae (Persoon) Fuckel; U. lonyissima (Sowerby) 
Tulasne and others. 
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l)ES(3lIPTION OF PLATES 
Plate XIV 

Figures 2, 3, 4, photomicrographs of sections stained with safranin-geritian-violct 
orange G. 

Fig. 1. A. Young infected timothy leaf. B. An old infected timothy leaf showing 
rifts starting along the striae. C. An infected timothy plant; dwarfed and leaves 
shredded. 

Fig. 2. Section of a redtop panicle infected with stnarformifi. A. Mycelium in 
the ovary. B, E. Pustules of spores in glume ami lemma. D. Mycelium in rhachis 
and rhachilla. 

Fig. 3. Section of a timothy spikelet showing an ovary with mycelium. D, A por- 
tion of which has advanced through culm rhachis and rhachilla E, to tlio ovary D. 

Fig. 4. A-B. Ovaries of redtop filled with spore masses. G, F. Germinated spores 
from timothy. F. Rifts in the spore through which the promycelium emerged. G. Spore 
with ecinulations. 



Phytopathology, XIV 


Plate XIV 



Aetiology op the leaf smut of timothy 




Phytopathology, XIV 


Platk XV 



Germinating aftkr-hipened bmxtt spores from timothy 




PllYTOI*ATIIOLOGy, XIV 


Plate XVI 



Germination oe smut spores prom redtop June grass and orchard grass 
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Plate XV 

Spores incubated in distilled water at 20® C. unless otherwise stated; from camera 
lucida drawinffs. 

Pig. 1. Proinycelium after 12 hours incubation at 2r)° C. Fig. 2. Granular proto- 
plasm tilling the proinycelium; IHhours incubation. Fig. ,3. Ijatcral sporidia forming 
on the sides of the promyeelium ; 48 hours incubation. Fig. 4. Lateral sporidia after 72 
hours incubation. Fig. .I. Choss-wall in the promyeelium and lateral sporidium; in- 
cubated 72 hours and stained. Fig. 6. Granular protoplasm assembled in the tip of the 
promyeelium leaving the remainder of the jiromyceliuni hyaline; 24 hours incubation. 
Fig. 7. Five sporidia from a promyeelium previously in the condition described in tig. (>. 
Incubated in honey for 48 hours. Pig. 8. Primary sporidia and bud. Fig. 9. Primary 
sporidia and buds incubated in apple juice for 20 hours. Fig. 11-14. Buds emerging 
directly from an after-ripened spore incubated at 29° . Drawings show the changes 
at about fifteen minute intervalts. Fig. 15. Buds from stained germinated spores. Fig. 
Id. A row of buds on a primary sporidium. Spores incubated in a 0.05 per cent malic 
acid solution and stained. 


Plate XVI 

Stages of after ripened smut spores from redtop (Fig. 1. 2, 4), June grass (Fig. 3, 
5-7) and orchard grass (Fig. 8-10). The general type of germination for each of these 
three hosts is omitted but is similar to that figured for germinated spores from timothy 
in plate II. Spores germinated in distilled water at 20° C. unless otherwise stated; 
from camera lucida drawings. Fig. 1. A bud (sporidium) emerging from the spore. 
From a stained specimen. Fig. 2. Buds; one with a hypha. Fig. 3. Primary sporidia; 
one forming a hyiilia, another buds. Fig. 4. Primary sjioridia bearing buds. Fig. 5-(). 
Fusion of lateral sporidia. After-ripened spores incubated for 4 days. Pig. 7. Buds on 
the end of one of tw'o fused lateral sporidia. Fig. 8. Primary sporidia bearing buds; 
incubated 48 hours in ecpinl parts of Laurent’s solution, molasses and water. Fig. 9. 
Hyphae developed from buds on primary sporidia. Incubated as described in fig. 8. 
Fig. 10. Exceidionally long promyeelium and germinating lateral sporidia with granular 
protoiilasm in the tips. Spores after-rii>ened 237 days and incubated 5 days. 



REACTIONS OF SELPED LINES OF MAIZE TO USTILAGO ZEAE 


H. K. Hayeb, E. (X Stakman, Fred Griftee 
AND J. J, Christensen^ 

INTRODUCTION 

Corn smut, caused by Usfilago zeae, cannot be prevented by ordinary 
control measures. The pathogene produces enormous numbers of chlamydo- 
spores ; they are widely disseminated by the wind, and when they germinate 
in suitable nutrient solutions, such as manure decoction and soil infusions, 
countless numbers of sporidia are produced. The sporidia bud in a yeast- 
like manner, and in turn produce countless numbers of other sporidia. 
Thus the pathogene can exist as a saprophyte and propagate itself almost 
indefinitely in manure piles, compost lieaps, and jiossibly in the soil. Both 
the ehlamydospores and the sporidia are resistant to unfavorable conditions. 
The former retain their viability for as long as eight years, while the 
sporidia can withstand desiccation and other unfavorable conditions for 
several months (Piemcisel, 1917). Consequently there almost always is an 
abundant supply of inoculum in corn-growing regions. For this reason, 
crop rotation and cultural practices are ineffective, and seed treatment is 
valueless, because young growing tissues of corn plants of any age may bo 
infected. Immunization therefore is the most promising method of control. 

That corn smut sometimes does considerable damage is well known. But 
it probably is not generally realized that, even under favorable growing 
conditions, a fairly large percentage of ears may be completely destroyed. 
This was true in 1921 in a field of first generation corn crosses and their 
parents at Ihiiversity Farm, St. Paul. In this year a considerable number 
of ears were discarded because they were so badly infected with smut. The 
field on which this test was made is in a two-year rotation of corn and small 
grain. The percentage of ears which were discarded because of injury by 
smut ranged from 1.4 y)er cent to 8.8 per cent in six first generation corn 
crosses and averaged 1.9 per cent in two dent varieties, while the injury to 
the ears of three flint varieties ranged from 3.9 i)er cent to 13.4 per cent. 

Jones (1918) described differences in susceptibility of strains of maize 
to smut attacks. The differences Avere hereditary and the F^ generation 
of a cross between a susceptible and resistant strain was resistant while 
segregation occurred in the F.^, generation. Probably all plant breeders who 
have grown self-fertilized strains of maize have observed the fact that some 
strains arc more susceptible than others to attacks of corn smut. Disease 

1 Published with the approval of the Director as paper No. 458, Journal Series of the 
Minnesota Agricultural E^jperinient Station, St. Paul, Minn. 
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resistance in maize is one of the characters whicli can be best studied by the 
use of self -fertilized lines. Accordingly, in 1918, it was decided to deter- 
mine the possibility of developing varieties of corn resistant to smut. The 
method of attack w^as selection in self- fertilized lines^ under infection 
conditions. 

expekimp:ntal methods and material 

The Selfed Siraivs . — Although selfed strains were available, it was 
decided to start the experiment wdth commercial varieties and build up self- 
fertilized strains under infection conditions. Accordingly the following 
seven varieties of corn were selected : Rustler, Minnesota No. 13, North- 
western, Minnesota No. 23, King Phillip, Longfellow, and Squaw. With 
the exception of S(|uaw and Minnesota No. 23, which are early maturing, 
the varieties were adapted for the conditions in Central Minnesota. The 
first year each variety was grown in a row consisting of 82 plants, the plants 
being spaced a distance of one foot ai)art in the row. Two seeds were 
])lanted in each hill and the hills were thinned to a single plant basis. 
Vigorous plants were chosen for selhng and both infected and non-infected 
plants were selfed in order to determine the ease of isolating resistant and 
susceptible strains. 

In addition to the seven varieties a few selfed strains were included. 
Two strains were obtained from 1). F. Jones, of the Connecticut station, 
under the numbers ]-6-l~3~4-4-4-2~5-3-l-5 and l~9-l-2~4-6-7~5--6-2-4 
and a self-fertilized flint strain was also grown. Each of these three strains 
had been selfed approximately 10 generations. The two strains from Con- 
necticut were two of those which appeared highly resistant to smut as 
rei)orted by Jones. 

In 1920 each selfed strain was grown in three short rows which were 
systematically distributed over the experimental area, and in 1921 to 1923 
inclusive each .strain was grown in two systematically distributed rows. 
From 50 to 75 plants of each strain were* grown each year. At maturity 
the ears from 20 jJaiits, excluding those which had been self-fertilized, were 
harvested. After the cars were thoroughly cured, data were taken on num- 
ber of good ears, number of nubbin ears, average length of ear, average size 
of endosperm of seed, etc. The yield data were taken in order that a study 
might be made of the relation of smut infection and yielding ability of 
selfed strains. 

Producing the Epideniic . — A considerable amount of smut was collected 
and stored over winter for the purpose of inducing the epidemic. The epi- 
demic was induced by two methods. Smut spores were mixed with manure 

2 For a discussion of selection in self -fertilized lines see East and Jones (1921), 
Hayes and Garber (1919), Hayes (1922) and Jones (1920). 
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about the time the corn was planted, as sporidia develop rapidly in manure 
and after the corn was up the manure was spread over the field. Bej?inning 
when the plants were about three feet high they were sprayed about every 
ten days in the evening with a water suspension of smut sporidia. 

Notes were taken throughout the season for each individual plant on the 
sort and place of infection, if any. After several years’ experience it was 
concluded that data on infection should be taken at three periods : tlic first 
notes at about tasseling time, the next about a month later, and then a note 
on ear infection at maturity. 

The place of plant infection >vas noted as: S, sucker; E, ear; Eb, ear 
base ; Et, ear tip ; L, leaf ; Lb, leaf base ; M, main stalk ; and T, tassel. Mul- 
tiple infection was noted by Mi and incipient infection by In. The size of 
the smut boils was estimated by placing them in three groups : 8, less than 
two inches in one or both dimensions ; M, of medium size, larger than S and 
smaller than L ; and L, at least 4 indies in diameter in more than one direc- 
tion. In summing up the notes on total infection the percentage of plants 
infected, barring incipient infection, was taken as tlie total percentage 
infection. Incipient infection was considered to be an indication of resist- 
ance because the smut boil starts to develop but does not grow very large 
and dries up before it ripens. Because of its importance the percentage of 
ear infection was computed separately. 

KXI’ERIMKNTAL RESULTS 

Corn is in a highly heterozygous condition under normal conditions. 
The ease of isolating homozygous strains for resistance or susceptibility to 
smut depends, in a large measure, on the number of genetic factors involved. 
If resistance or susceptibility w^ere differentiated by a single factor pair, 
half of the plants in a field of corn would be liomozygous for eitlier resis- 
tance or susceptibility and the other lialf would be in a heterozygous con- 
dition. With two factors only one fourth of tlie plants under normal 
conditions would be homozygous for various degrees of resistance or sus- 
ceptibility. The different possible types which could be isolated in a 
homozygous condition by self-fertilization depends naturally u])on the 
genetic factors involved. The only means of knowing how many factors 
are involved is to study crosses between types which differ in resistance or 
susceptibility. The present paper is chiefly a report of the isolation of 
selfed lines which differ in their heritable mode of reaction to attacks of the 
smut organism. 

Commercial varieties were grown under induced epidemic conditions 
and individual plants were self-pollinated. Approximately 60 different 
self-fertilized lines were grown the following year. Some lines were only 
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slightly infected with smut while others appeared very susceptible. Within 
several of these self-fertilized lines both infected and non-infected plants 
were again self-pollinated. The purpose was to determine the comparative 
susceptibility or resistance of the progeny of infected and non-infected 
plants of the same sclfed line. Tlic results are presented in table 1. 


TABTjE 1 — A comparison of the progeny of self- fertilized infected and non-infectcd 
plants of first generation set fed lines of maize. 1^)20. 



1920 

Infection 

Total 


Variety 

selfed 

of parent 

percentage of 

Bifference 

strain No. 

stalk 

infection, 1921 


MiTiTiesota 33 

2100 

Infected 

53.0 

— 31.5 



Non-infected 

84.5 


Rustler 

2400 

Infected 

20.0 




Non-infected 

20.0 

4- 6.0 

N. W. Bent 

2500 

Infected 

54.5 

4 32.5 



Non-infected 

22.0 



Non-infected 

63.0 

— 8.5 

N. W. Pent 

2700 

Infected 

47.0 

4 10.5 



Non-infected 

36.5 

N. W. Bent 

2800 

Infected 

39.0 

4 21.0 


Non-infected 

18.0 

N. W. Bent 

3000 

Infected 

37.5 

4 4.5 


Non-infected 

33.0 

Longfellow 

3500 

Infected 

Non-infected 

4.5 

18.0 

— 13.5 



Non-infected 

29.0 

— 24.5 

Longfellow 

3000 

Infected 

Non-infected 

73.0 

84.5 

— 11.5 

King Phillip 

4000 

Infected 

Non-infected 

58.5 

58.0 

4 .5 

King Phillip 

4200 

Infected 

Non-infected 

56.5 

28.0 

4 28.5 

King Phillip 

4300 

Infected 

Non-infected 

17.0 

24.0 

— 7.0 

Squaw 

4400 

Infected 

Non-infected 

29.5 

38.0 

— 8.5 



Non-infected 

25.0 

4- 4.5 



Non-infected 

12.5 

-1-17.0 


Sixteen comx)arisons are available of the infection of the progeny of 
infected and non-infected parent plants of strains of corn which have been 
selfed for one year. These sixteen comparisons are made within twelve dif- 
ferent strains, i.e., in three eases the progeny of an infected parent of a 
first year self-fertilized strain is compared with two progenies of non- 
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TABLE 2 — The percentage of plant and ear infectwn of self-fertilized strains of corn 
and of the normal varieties from which these strains were isolated. 


Variety 

No. 

years 

selfed 

1923 

1923 

Cult 

No. 

Total percentage infection 

1920 1921 1922 1923 Ave. 

Percentage car 

1920 1921 1922 

infection 

1923 A ve. 

Minnesota No. 13 

0 

2100 


19.0 

51.0 

12.0 

j 


2.1 

0.0 

0.0 


it a 

4 

700 

19.1 

58.0 

02.8 

85.5 

50.4 ; 

0.4 

32.0 

20.0 

lO.S 

20.5 

a n 

4 

800 

2.3 

10.5 

()5.0 

14.0 

23.1 1 

0.0 

0.0 

0.0 

2.0 

0.5 

a a 

4 

900 

9.3 

14.0 

40.0 

21.8 

21.3 ' 

0.0 

0.0 

4.0 

4.5 

2.1 

a it 

3 

2200 


23.8 

29.3 

0.7 




0.0 

2.3 


a a 

3 

2300 


23.8 

11.2 

(5.1 




0.0 

2.0 


a ii 

3 

2400 


23.8 

31.1 

24.1 




0.0 

4.0 


it ii 

4 

2500 

2.3 

2.0 

20.7 

22.3 

13.3 

0.0 

0.0 

4.2 

0.8 

2.8 

a ii 

4 

2000 

2.3 

10.5 

40.3 

27.8 

20.2 

0.0 

0.0 

4.3 

5.9 

2.0 

Rustler 

0 

2700 



22.0 

23.2 




0.0 

0.0 


‘ ‘ 

4 

1000 

33.3 

84.5 

100.0 

98.0 

79.0 

5.0 

11.2 

21.3 

28.0 

1(5.5 

4 { 

4 

1100 

3.7 

28.5 

2.5 

12.1 

11.7 

0.0 

14.4 

0.0 

4.0 

4.(5 

i i 

4 

1200 

0.5 

2.0 

2.2 

12.0 

5.8 

2.2 

0.0 

0.0 

0.0 

0.0 

*■ ‘ 

4 

2800 

33.3 

53.0 

88.2 

94.7 

(57.3 

5.(5 

14.1 

38.1 

20.9 

19.7 

i i 

4 

2900 

3.7 

28.5 

12.5 

.35.1 

20.0 

0.0 

14.4 

2.1 

22.9 

9.9 

4 ( 

4 

3000 

3.7 

10.0 

12.5 

23.1 

13.8 

0.0 

0.0 

0.0 

10.5 

2.0 

4 i 

4 

3100 

0.5 

24.5 

29.1 

43.1 

25.8 

2 2 

0.0 

4.2 

0.0 

1.0 

i t 

4 

3200 

11.1 

20.0 

27.1 

12.4 

17.7 

1.8 

0.0 

0.0 

0.0 

0.5 

i i 

4 

3300 

11.1 

20.0 

49.(5 

18.4 

24.8 

1.8 

0.0 

4.2 

4.0 

2.5 

N. W. Dent 

0 

3400 



01.4 

53.0 




0.0 

4.1 


4 i 

4 

3500 

22.0 

03.0 

95.7 

75.2 

(54. L 

5.7 

(5.2 

2.2 

15.3 

7.4 

i i 

4 

3000 

22.4 

30.5 

33.4 

32.2 

31.1 

10.3 

14.2 

10.5 

2 

9.:’, 

i i 

4 

3700 

22.4 

47.0 

89.9 

92.0 

(53.0 

10.3 

4.1 

12.4 

24.0 

12.7 

4 i 

4 : 

3800 

8,0 

18.0 

38.0 

15.8 

20.1 

2.1 

4.0 

0.0 

0.0 

1.5 

4 i 

4 

3900 

8.5 

18.0 

59,4 

49.3 

33.8 

2.1 

4.0 

0.0 

2(5.2 

S.l 

4 i 

4 ' 

4000 

5.0 

42.0 

42.0 

1(5.0 

20.4 

1.7 

2.0 

0.0 

0.0 

0.!» 

i i 

4 

4100 

5.0 

24,0 

32.4 

22.4 

21.0 

1.7 

(5.0 

2.0 

13.9 

5.9 

4 4 

4 ; 

4200 

20.0 

33.0 

75.0 

94.8 

55.7 

0.7 

4.0 

7.5 

30. 1 

13.(5 

Minnesota No. 23 

; 4 

' 4300 1 

20.0 

50.5 

81.7 

77.1 

58.8 

4.0 

3(5.8 

4(5.7 

59.7 

.30.8 

4 4 t 4 

4 

4400 ; 

; 50.0 

80.5 

03.4 

77.(5 

07.9 , 

17.9 

18.4 

4.0 

8.2 

12.1 

4 4 4 4 

4 

I 4500 

' 05.0 

88.0 

93.8 

5(5.2 

75.9 

27.9 

12.5 

2.1 

4.7 

11.8 

4 4 4 4 

; 4 

; 4000 

, 38.7 

30.0 

59.3, 

29.8 

,39.5 

9.7 

2.1 

10.3 

2.7 

(5.2 

Longfellow 

0 

4700 



38.9 

32.1 

i 



(5.1 

20.(5 


4 4 

1 

i 4800 , 




74.4 





48.9 


4 4 

i 4 

i 4900 

15.5 

18.0 

44.9 

(5.0 

21.1 1 

11.1 

0.0 

0.0 

0.0 

2.S 

‘ ‘ 

i 4 

! 5000 

32.0 

73.0 

83.7 

(55.9 

03.8 i 

10.3 

35.4 

20.9 

20.5 

24.8 

4 4 


1 5100 

14.7 

14.0 

2.3 

12.4 

10.9 i 

5.9 

14.2 

0.0 

(5.2 

0.(5 

King Phillip 

' 0 

! 5200 , 



43.2 

41.7 

1 



4.5 

15.0 


“ 

4 

1 5300 

31.0 

58.0 

00.8 

97.5 

03.3 

22.4 

41.7 

51.3 

95.0 

52.(5 

4 4 

4 

5400 

! 31.0 

58,0 

34.7 

80.0 

50.9 ! 

! hA 

41.7 

25.0 

70.0 

39.9 

4 4 

: 4 

1 5500 

; 31.0 

58.5 

70.1 

57.1 

54.2 1 

22.4 

39.(5 

37.1 

48.0 

30.8 

4 4 

^ 4 

! 5600 

; 37.5 

/4.5 

01,3 

41.8 

53.8 

12.5 

12.9 

4.(5 

15.7 

11.4 

4 4 

; 4 

5700 

24.1 

24,0 

30.5 

04.7 

37.3 

0.0 

14.0 

12.2 

40.9 

18.3 

4 4 

1 ^ 

.5800 

: 24.1 

17.1 

38.8 

27.0 

2(3.8 

0.0 

4.2 

2.1 

8.0 

3.0 

Squaw 

0 

5900 



54.5 

39.4 




15.2 

14.0 


4 4 

4 

6000 

I 21.5 

12.5 

80.0 

80.3 

48.0 

7.7 

8.2 

8.9 

12.8 

9.4 

4 4 

4 

6100 

1 21.5 

25.0 

34.3 

42.0 

30.9 

7.7 

4.3 

8.5 

5.0 

0.4 

4 4 

4 

1 0200 

21.5 

29.5 

38.5 

09.7 

39.8 

7.7 

0.0 

8,7 

28.1 

11.1 

1-9-1, etc. 

14 

1 1700 

i 12.9 

51.5 

00.9 

07.3 

48.2 

1.6 

0,0 

0.0 

0.0 

0.4 

1-0-1, etc. 

14 

1 1800 

i 18.4 


48.0 

71.7 


8.0 


5.0 

37.0 


69-0, etc. 

14 

1 1000 

: 29.9 

21.0 

34.5 

24.2 

27.4 

9.5 

21.0 

15.0 

0.0 

10.4 
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infected plants of the same strain. If the i)rogeny of the infected parent 
plant is more severely infected than the progeny of the non-infected i)arent 
plant the difference is presented in the table as a plus difference. When the 
progeny of the non-infected plant is the more severely infected, the differ- 
ence is i)rcsented as a minus difference. There were 7 minus differences and 
9 j)lus differences. The sum of the plus differences was 125 and of the minus 
differences 105. These results prove that under the r*onditions of the experi- 
ment it makes little difference whether a selfed plant is infected or not. The 
important fact is the hereditary characters of the strain. In table 2 data 
are presented on the total percentage of smut infection of the self-fertilized 
strains. The two strains obtained from Jones, of Connecticut, were rather 
susceptible under tlie conditions of the experiment, although not as suscep- 
tible as some selfed strains })roduced under induced epidemic conditions. 
The long time self-fertilized flint strain, 69-6, etc., apparently bred true 
for an intermediate degree of infection, which indicates that moderately 
susceptible strains (?an be secured. 

Probable errors for total percentage of smut infection were computed 
in 1920 and 1921 by the pairing method. In brief, this method consists of 
obtaining the deviation in percentage of smut infection of each two pairs 
of plots of the various selfed lines. By dividing the avei*age deviation in 
per cent for all pairs by the ^'n where n represents the number of system- 
atically distributed ])lots, a probable error for the method of test lias been 
computed. This method was suggested by Wood and Sti‘attoii (1910) and 
it gives on the jiverage sliglitly lower ])robal)le errors than tlie use of 
otlier methods. 

For 1922 and 1923 tlie probable errors were calculated by the follow- 
ing formula : 

P. E. +: .6745 

\ 

V N 

In this formula 2 — summation, dev. in % — deviation in percentage infec- 
tion of each plot of a selfed .strain from the mean of all the ])lots of that 
strain, N — number of plots of each strain and ii — number of deviations 
in percentage. The use of this formula gives jirobable errors of nearly the 
same magnitude as those obtained from check plots (Ilaycs, 1923). 

Probable errors computed by these methods furnish an average probable 
error in per cent for the particular experiment. They do not take into 
account the possible condition that the reaction of some strains is more 
variable to a particular environmental condition than that of others. Prob- 
able errors are presented in table 3. 
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TABLE 3 — Prohahle errors m percentage for smut infection. 


Year 

Probable error in per cent for 
percentage sniit infection 
of each selfed line 

1920 

1 6.1 

1921 

1 7.4 

1922 

1.3.3 

1923 

15.2 


The average probable error for the 4 years was computed by the formula 
^ V a* + b^ -f where N represents the number of things averaged 

and a, b, • • • n represent the separate probable errors. 

By the use of this formula the average probable error in percentage was 
found to be 5.6 per cent. This probable error was used to obtain average 
probable errors of smut infection percentages in selfed lines. Certain of the 
selfed lines have ax)peared to be homozygous for their smut reaction and 
have given consistently high or low percentage infection for each of the four 
years while other lines show evidence of being heterozygous. The average 
ear infection and the average total infection of lines which appear to be 
homozygous is given in table 4. 

TABLE 4 — Summary of selfed strains which appear to Vt hoinocygous for smut reaction 
for the period 19£0-19SS inclusive. 


Variety 

1923 

Strain No. 

Total percentage 
infection 

' Percentage of 

1 ear infection 

Minnesota 13 

700 

56,4 ±; 3.1 

20.5 

< ( 

2500 

13.3 ±L 0.7 

2.8 

Bustler 

1000 

79,0 ± 4.4 

36.5 

* ‘ 

2800 

67.3 ±: 3.8 

19.7 

i ( 

1200 

5.8 ±: 0.3 

0.6 

i t 

3000 

33.8 ± 0.8 

2.6 

i i 

3200 

17.7 ± 1.0 

0.5 

N. W. Dent 

3500 

64.1 ± 3.6 

7.4 

( ( 

3700 

63.0 ± 3.5 

12.7 

( t 

4200 

55.7:- ,3.1 

33.6 

i t 

4000 

26.4 ± 1.5 

0.9 

Minnesota 23 

4400 

67.9 ± 3.8 

12.1 

i i 

4500 

75.9 It 4.3 

11.1 

Longfellow 

5000 1 

63.8 It 3.6 

24.8 

i i 

5100 1 

10.9 It 0.6 

6.6 

King Phillip 

5300 1 

63.3 ± 3.5 

52.6 

i i 

5500 j 

1 

54.2 ± 3.0 

36.8 


Comparing the two strains 700 and 2500 of Minnesota 13, a difference 
for total infection of 43.1 zh 3.2 is obtained. The chances are very great 
that this difference is significant. Certain strains appear to be homozygous 
for an intermediate type of susceptibility. Thus Northwestern Dent strain 
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4000 had an average infection of 26.4 zfc 1.5 while Rustler Dent strain 1200 
had an average infection of 5.8 dr 0.3. Strains 4000 and 1200 differ in smut 
reaction by the percentage infection of 20.6 db 1.5. Tlie chances arc also 
very great tliat this is a significant difference. 

The place of infection on the plant is a strain characteristic. Thus strain 
1-“9“~1, etc., which was resistant under Connecticut conditions, produced an 
average total infection of 48.2 per cent and an average ear infection of only 
1.5 per cent, while strain 69-6, etc., had only an average total infection of 
24.2 per cent, but an average ear infection of 10.4 per cent. One strain 
which was under observation in the Plant Breeding Nursery for several 
years produced large smut boils near the base of the plant on a large per- 
centage of the plants. This tendency was noted from year to year. Some 
strains arc severely infected in the tassel and scarcely ever infected in other 
parts of the plant, while still other strains, such as King Phillip, Strain 
5300, produced a very high !)ercentage of ear infection. The extent to 
which total infection is inherited from year to year is demonstrated by the 
calculation of correlation coefficients for smut infection in different seasons. 
The correlation coefficienls would presumably be larger in homozygous than 
heterozygous material. Coefficients are presented in table 5 and table 6 
for the extent to which total percentage infection one year is correlated with 
total percentage infection in otlier years and likewise the extent to wdiich 
ear infection one year is correlated with ear infection in otlier years. 

TABLE 5 — Corrdation in stlftd strains of maize h(twe(n total pfrcentaffc inffction of 
th( strains in one year with th( percentaffc infection in othfr selfed generations. 


GoneratioTis 1 

ooT 1 elated 

No, of selfed 
lines 

(k)rrelation 

coefficient 

1st and 2nd 

.■>8 

,096 ± .046 

2nd and 3id 

40 

.t)42 ± .068 

.'lid and 4th 

:i8 

.712 i: .054 

2nd and 4tl» 

:i8 , 

.695 ± .057 


These coefficients are uniformly large and prove tliat the degree of 
smut infection in selfed lines of maize is dependent uiion strain characters. 

As has been noted, smut infection on the car is probably more detri- 
mental to the yielding ability of the corn plant than infection of other parts 
of the plant. Accordingly correlation coefficients were computed for the 
imrpose of learning to what extent the percentage of ear infection was a 
strain characteristic. The results of this study are presented in table 6. 

These correlations coefficients are somewhat larger than those obtained 
when total percentage infection was studied. They prove that the selfed 
lines which differ in reaction to smut can be isolated in a very short time. 
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TABLE 6 — Correlation in selfed strains of maize between percentage of ear infection in 
one season with the percentage infection in other selfed generations. 


Generations 

correlated 

No. of selfed 
lines 

Correlation 

coefficient 

2nd and 3rd 

40 

.859 ±: .028 

3rd and 4th 

38 

.761 ±: .046 

2ud and 4th 

38 

.765 ± .045 


RELATION BETWEEN YIELD AND PERCENTAGE OP SMUT INFECTION 

The eaPvS of twenty stalks from each selfed line were harvested for the 
purpose of learning the comparative vigor of strains. It is realized that a 
yield test made on this basis is not particularly accurate ; but it was hoped 
that such a test would give some indication of comparative yielding ability. 
The yields of each group of selfed strains of a variety were averaged sepa- 
rately and a yield index was computed by dividing the average yield of a 
strain by the average yield of other strains of the same variety which had 
been self- fertilized for the same length of time. The extent to which yield 
for one year is correlated with that for another year as computed by this 
method of obtaining yields may be determined by the use of the correlation 
coefficient (see table 7). 


TABLE 7 — Correlation between yields of third and fonrth year selfed lines in 

athd loss. 






Yield index — 

1923. 

Fourth year selfed 



Cl . 


18 

37 56 

75 

94 

113 

132 

151 170 

189 208 227 

246 1 

Total 

1 

56 

1 

1 

1 







! 3 


75 


1 

1 

1 

1 




1 

i 4 

1 ^. 

94 

1 

3 

1 

1 

2 

2 

1 



i 11 


113 

1 

2 

3 


4 


1 


1 i 

i 12 

.SiM 

132 

1 


1 


2 



1 

1 

5 

>* 

151 








1 


1 



4 

-- 7 

7 

2~ 

9 


_ ^ ^ 

” 1 1 -- 

1 

' 3^^ 


r = -f. .351 ± .099. 

Since the method of obtaining yield data is necessarily inaccurate, a high 
degree of correlation between smut and yield cannot be expected. However, 
some idea as to whether smut infection influences yielding ability may per- 
haps be obtained by correlating yield with the percentage of ear infection. 

Correlation coefficients arc presented in tables 8 to 10 inclusive, which 
represent the correlation between yield in the 2nd, 3rd, and 4th selfed gene- 
ration and reaction to smut in these same generations. Each of the three 
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correlation coefficients is negative, although one is lower than its probable 
error. The two other coefficients are respectively 2.7 and 2.4 times their 
probable errors and the chances that they are significant are 1 3.6 : 1 and 
8.5 : 1 respectively. 


TABLE 8 — Correlation between the percentage of smut infection of the car and yields 
of hues sclfed for two years. (lOSt). 



O) C 
Oh - 


! 

i Yield index— 1921. 



” 08 ~75 82 ~89 103 iio~ iiT^ialTlaF’iso”' 

Total 


1 2 3 4 2 2 1 


i 7 

1 1 

2 

12 

112 111 1 

8 

17 

1 

1 

32 

1 

1 

37 

1 1 

o 

42 

j 

1 1 

2 


2 3 7 ~2 1 0 3 3 2 



r — — .0.00,3 ± .0.11(5. 


TABLE 9 — Correlation between the percentage of spmt infection of the ear and yields 
of hnes selfed for three years. {19tS2). 

i 1 Yield index — 1922. ! 


54 01 08 75 82 89 90 103 110 117 124 131 138 145 I Total 



rr=— 0.274 It 0.101. 


REACTION OF Fj CROSSES BETWEEN SEI.FED LINES 

In 1923 certain F, crosses and their parents were compared for smut 
reaction. The results are presented in table 11. 
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TABLE 10 — Correlation 'between the percentage of smut infection of the ear and yields 
of lines selfed for four years. {VJ33). 



! 

Yield index — 1023. 

1 

Total 

18 37 50 75 94 113 1.32 151 170 189 208 227 240 265 

1 5 

1 322321 11 11 

18 

1 14 

1 2 2 1 

0 

I 23 

1 14 

1 6 

' .32 

1 2 

3 

1 50 

1 1 

2 

59 

1 

1 

1 08 

1 ! 

1 

95 

1 

1 

1 

! 

4— 782921 1 1 I-— 11 



r = — 0.248 It 0.103 


TABLE 11 — Eeaetion of P, crosses and their parents to attaclcs of Vstilago seae. 


Variety 

Parent line , 
or F, cross ^ 

Generation 
selfed or Fi 

Total per cent 
smut 

Per cent 
ear smut 

Minnesota 13 

800 

1 4 ! 

' 14.0 

2.0 


900 ! 

1 4 

! 21.8 

4.5 


800 X i>00 

1 

8.6 

0.0 

Minnesota 13 

700 

4 i 

85.5 

16.8 


800 X 700 

j 

45.1 

12.2 

Rustler 

1000 

_ „ 1 

98.0 

28.0 


1200 

4 

12.6 1 

0.0 


1000 X 1200 

F, 

25.0 

4.4 

Rustler 

flOO 


12.1 

4.0 


1100 X 1200 

F, 

3.0 

0.0 

Longfellow 

1300 

4~“^ 

7.4 

! 0.0 


1400 

4 

67.1 

30.6 


1300 X 1400 i 

F, 

60.7 

17.8 

Longfellow 

1500 

4 

69.1 

13.0 


1300 X 1500 

F, 

24.7 

10.9 


In the study made by Jones the Fj hybrid ap])roaehed the condition of 
the immune i)ai*ent but dominance of immunity was not perfect. In tlie F^ 
crosses reported here two opportunities are given to compare F^ crosses 
between resistant selfed lines with their i)arents. In both cases the cross is 
slightly more resistant than either parent. These crosses are (800 X 9^^) 
and (1100X1200) which are crosses between selfed strains of Minnesota 
No. 13 and Rustler respectively. Four F, crosses between resistant and 
susceptible strains have been compared with their parents. One cross, 
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800 X 700, is almost exactly intermediate in percentage ot infection. In 
this case the total penientage of infection of the cross is 45.1 and of the 
average of the parents 49.8. Two crosses (1000 X 1200) and (1300 X 1500) 
show a partial dominance of resistance while the cross of 1300 X 1*1^00 is 
nearly as susceptible as the susceptible parent. In general, then, Fj crosses 
between susceptible and resistant selfed strains of corn are intermediate in 
type of reaction to smut. 


ST^MMAKY 

1. The most iiromising means of controlling corn smut, caused by 
Vstilago zeae, appears to be the development of resistant varieties. 

2. Ear infection is more serious than infection of other parts of the 
plant. Flint varieties appear to be somewhat more susceptible, particularly 
to ear infection, than dent varieties. 

3. A normal variety of corn is in a highly heterozygous condition. Selec- 
tion in self- fertilized lines appearvS to be the most promising means of iso- 
lating smut-resistant strains of corn. 

4. Apparently it is easy to isolate self- fertilized lines which differ in 
their inherited reaction to smut, which indicates that only a few genetic 
factors are involved in resistance or susceptibility. 

5. The infection in one generation was correlated with the infection in 
succeeding generations. The correlation coefficients were uniformly large 
which leads to the conclusion that resistain*e or susceptibility is a strain 
characterist ic. 

6. The localization of the smut on the plant api)ears also to be a strain 
characteristic. Some .selfed strains were uniformly infected on one of the 
lower nodes of the stalk, other strains ])roduced a high i)ercentage of ear 
infection and still others were infected chiefly in the tassel. Some of the 
very susceptible strains were infected rather generally in all parts of 
the plant. 

7. F^ crosses between resistant self-fertilized strains were more resistant 
than either parent while F, crosses between resistant and susceptible .strains 
produced an intermediate type of infection. 

8. Resistance and susceptibility appear to be conditioned by genetic 
factors. This leads to the conclu.sion that the susceptible strains of a variety 
may be isolated and discarded by means of selection in self-fertilized lines 
and that resistant strains can be isolated and then used to build resistant 
varieties. 
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NOTES ON THE LIFE HISTORY OP THE SNAPDRAGON RUST, 
PUCCINIA ANTIRRHINI DIET. & HOLW. 

E. B. M A 1 N 

The complete life history of the snapdragon rust has never been repro* 
dueed. Under greenhouse conditions, at least, the uredinial stage alone is 
sufficient to maintain the rust, if snapdragons arc being propagated by cut- 
tings. If snapdragons arc grown from seed, the propagation of the rust by 
urediniospores can be prevented, care being taken to destroy all rusted 
snapdragons some time ])revious to the sowing of the seed. That the ure- 
diniospores are not capable of carrying the rust over long i)eriods has been 
shown by Doran, ^ who found very little germination after four weeks and 
none at the end of eight weeks. Out of doors the nist will survive the winter 
in the uredinial stage whenever rusted plants live over. However, during 
severe winters, unprotected i>lants are usually killed in this region. 

Another sj)ore stage of the sna[)dragon rust is known, the teliospore. 
This is not produced so abundantly as is the urcdiniosporc. Doran states 
that occasionally the teliosporcs may be found outdooi*s in November, while 
in tlie greenhouse they are formed only when the plants are gradually de- 
prived of water. Both Doran {1. c., 2) and Peltier^ were unsuccessful in 
their attempts to germinate the teliosporcs of this lust. Peltier states that 
all efforts to germinate the teliosy)ores failed, alhough they were subjected 
to alternate wetting and drying, to high and low tem])eraturcs, to various 
outdoor conditions through the winter and summer, and were tested by the 
gelatine plate method under different conditions. Doran used fresh ma- 
terial, dried material, teliosporcs j)roduced under glass and produced out- 
side and teliosporcs overwintered outside. They were tested to 7°, 10°, 
12° and 20° C., but in no case was germination obtained. Doran suggests 
that these spores may be able to germinate only within a very narrow 
range of temy)cratures. Hockey^ has recently rey)orted the successful ger- 
mination of the teliosy)ores of Pucemia antirrhini. The teliospores used 
were obtained from greenhouse plants. Hanging drops of teliospores gave 
14 per cent germination from material which had been frozen for 1 day 

1 Contribution from the Department of Botany, Purdue University Agricultural 
Experiment Station. 

2 Doran, W. L. Bust of Antirrhinum. Massachusetts Agric. Exp. Sta. Bull. 202. 

p. pi 1921. Literature cited, p. 65-66. 

Peltier, G. L. Snapdragon Bust. Univ. Illinois Agric. Exp. Sta. Bull. 221. p. 555- 
548. 5 fi/j. 1919. 

* Hockey, J. F. Germination of Teliospores of Pnerinia AnHrrhini. lath Ann. Bept. 
Quebec Soc. Protect. Plants, Ann. Bept. 1920-1921: 54—57. Bibliography, p. 57. 
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outside on a compost heap in January, 1921. As high as 22 per cent ger- 
mination was obtained after the teliospores had been exposed outside for 14 
days. Spores from a plant frozen seven days and kept at room temperature 
four days and then frozen again for four weeks gave only 2 per cent ger- 
mination. Seedling plants of snapdragon inoculated with germinating 
teliospores bearing basidiospores gave no infection, while similar plants in- 
oculated witli urediiiiospoi*es gave characteristic uredinia. 

In light of the above, it seems desirable to record the results obtained in 
this laboratory during the past five years. As part of the investigations 
being carried on here with the rust of snapdragons, the writer has been con- 
siderably interested in obtaining germination of the teliospores in order to 
determine their function in the propagation and biology of the rust. Sev- 
eral important questions depended for their answer on cultures made with 
teliospores. Is the rust autoecious or hetcroecious ? Whether the telios[)ores 
may directly infect snapdragon, serving as resting si)ores to carry the rust 
over advei*se conditions such as winter out of doors, summer in the green- 
house, or whenever the continuous propagation of the rust by urcdiniospores 
is intermi)ted, or whether an alternate host is necessary before the telio- 
spores are of importance, are some of the points to be settled. If the rust is 
autoecious, then the teliosj)ores are a constant source of danger and tlie 
effect of conditions during and following formations on the viability of the 
teliospores, the length of the dormancy period, conditions determining and 
favoring germination, are all questions of considerable impoitance. If, on 
the other hand, the I'ust is heteroecious, these questions are of importance 
only when the alternate host is present and consequently the identity and 
occurrence of such a host would become the most impoilaiit question. li‘ 
the rust is autoecious, it may either be a brachy-Puccinia or an eu-Puccinia. 
If a brachy-Puccinia, infection from tclios})ores would give ]>ycnia accom- 
panied by uredinia; if an eu-Puccinia, f)ycnia accompanied by aecia. If 
heteroecious, no infection of course would be obtained on snai)dragon and 
the rust must be an eu-Puceinia i)rodueing pycnia and aecia on the alternate 
host. Also from a taxonomic point of view these questions are important 
since in the elassifleations of th rusts proposed by Arthur® and by Sydow*^ 
the number of spore forms and he heteroecious or autoecious character are 
used to determine the generic lion of the species of inists. Without ger- 
mination of the teliospores the. questions could not be answered. It might 

0 Arthur, J. C. Eiiie auf die Struktur uiid Eiitwicklungs geschichte begriindete 
Klassifikation der Uredineeti. Result. 8ci. Congr. Bot. Vienno 1006: 331-348. 3906. 

6 Sydow, H. Die Verwertuiig dor Verwandtschaftsverhaltnissc und des gegonwartigen 
Entwicklungsganges zur Umgrenzuiig der Gattungen bei den Uredineen. Am. Mycol. 19: 
161-175. 1921. And Weitere Mitteilungeii zur Umgienz ungen der Gattungen bei den 

Uredineen. Ann. Mycol. 20: 109-125. 1922. 
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be deduced since Antirrhinum majus beJongs to the Scrophulariaceae, that 
the rust would likely be autoecious, judging by other species of Pueeinia on 
this and related families. (Granting that the gennination of teliospores 
occurs under the cultural conditions used with snapdragon, the absence of 
aecia, which would not likely be overlooked, points to a brachy-Puecinia, 
the primary uredinia of such a rust being easily mistaken for the uredinia 
ordinarily found. However, such deductions are erroneous, as is shown by 
the results obtained. These, taken with those obtained by Hockey, while 
not actually settling all the questions involved, throw some light on the 
function of the teliospore in the propagation and life history of the laist. 

REST LTS OF STUDY 

J9J8. The first collection of telia used in this study was made on 
August 10, 1918, from heavily rusted plants near a local greenhouse. Only 
a small amount of telia was found and these were tied in a coai^se cheese 
cloth bag and hung outside to winter. No test was made for germination 
until April 24, 1919, when hanging drops of the oveiwintered spores were 
made. No germination was noted at this time and on account of the pres- 
sure of other culture work no more tests were made that year. 

1919. On Oecember 12, 1919, telios])ores were found upon old ])lants of 
snai)dragon in the greenhouse, both dead and green stems. A small amount 
of teliospores from each was collected and tested for germination in hang- 
ing drops on that date. No germination was obtained. Each collection was 
then overwintered out of doors as before. Hanging droi)s of the teliospoi*es 
of each collection were made March 24, April 2, Ai)ril 15, April 28 and 
May 11, 1920. On April 15, a very few s])ores showed germination from 
the material from green stems. No typical basidia with basidiospores were 
fonned. Some of the teliospores including those in the hanging drop were 
sown on young rust-free snapdragons, but without obtaining infection. 
Germination was not obtained in a^» ther tests. It was felt that no con- 
clusions could be drawn from this cn < ount of the apparent lack of basid- 
iospore formation. 

1920. In the fall of 1920, son.'* very fine material was received from 
Mr. E. Bethel from Monrovia, California. This consisted of a large number 
of snapdragon plants bearing abundant teliospores. In addition Mr. Bethel 
sent a quantity of Adenostegia filifoUa also bearing x)lenty of teliospores. 
The rust on the latter host has been descril)ed as a distinct species, but in 
the North American Flora, Arthur^ considei’s it as belonging to Pueeinia 
antirrhini. The material was |>laced out to winter as before and on Decem- 
ber 14, 1920, hanging drops of each showed a very heavy germination, the 

7 Arthur, J. C. Uredinales. North American Flora 7: 594-5. 3922. 
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teliospore masses being white with the basidia, and a great abundance of 
basidiospores was formed. Teliospores from both of these collections, in- 
cluding those from the hanging drops were sown on four young rust-free 
snapdragons without obtaining infection. On April 4, 1921, the spores were 
again tested, after having been outdoors all winter, those from snapdragon 
showed a slight germination, while those from Adenostegia showed no ger- 
mination. Another test April 19, gave no germination in either ease. 

1921. An attempt to repeat this work was made in 1921. Snapdragons 
bearing teliospores were obtained in the fall from Professor Blasdale from 
Berkeley, C'alifomia. This material was placed out doors to winter as 
before, it was tested for germination October 18, November 3, November 
37, December 3 and December 20, 1921, and January 24, 1922, without 
showing germination and was in consequence not sown. In addition, in the 
fall of 1921, a small amount of teliospores was obtained from a local plant- 
ing. These were brought into the greenhouse and tested for germination 
November 1 , no germination resulting. They were then left on a greenhouse 
bench until December 13, when a slight amount of germination was noted. 
However, when sown on young snapdragons they gave no infection. 

1922. In the fall of 1922, an abundance of material for culture was 
obtained from a heavily infected planting at the Experiment Station. A 
quantity of this was brought into the greenhouse on December 21 and used 
to mulch 8 pots of young, rust-free snapdragons. The teliospores at that 
time showed no germination. When tested again on Januar}^ 24, 1923, they 
gave a very vigorous germination with abundant basidiospore production. 
The mulched plants were then placed in an incubation chamber and the 
humidity brought up to saturation. The germinating spores from the hang- 
ing drops as well as some from the mulch were placed on the leaves and 
stems of the plants. However, no infection was obtained. Volunteer plants 
which appeared in the field in the spring of 1923 where the rusted snap- 
dragons bearing teliospores had been piled up showed no infection until 
rusted plants from the greenhouse were set out. 

In all the above work the young ydants upon which the teliospores were 
sown were later inoculated with urediniosiiores of the rust and heavy infec- 
tion was obtained showing that the plants used were susceptible to the rust. 
The tests for germination were made in hanging drops left over night at 
the temi)erature prevailing in the greenhouse which varied from 10-20° C. 
The plants were inoculated under these same conditions. 

DISCUSSION 

The results obtained by Hoc^key (Z. c., 4) and the writer show that the 
teliospores of Puccinia antirrhini, under some conditions at least, are 
capable of germinating. The results obtained by Peltier and Doran show 
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that this is not to be expected under all conditions. Doran has sugj^ested 
the i)ossibility that the teliospores arc able to germinate only through a 
narrow range of temperatures. Since the teliospores tested by the writer 
were subjected to a variation of temperature, it can not be said that such a 
possibility is eliminated. However, it seems more likely that conditions to 
which the teliospores are subjected during and following formation are of 
more importance. Doran has noted that the amount of teliospore formation 
in the greenhouse is considerably influenced by the treatment given to the 
snapdragon plants. It would seem likely that this would also have an in- 
fluence on their viability. It is interesting to note in this connection that 
the most vigorous germination of teliospores obtained by the writer was from 
the materal having the greatest teliospore formation. Erikson^ has noted a 
somewhat similar situation for teliospores of Puccinia coronata f. sp. Agros- 
tis. That environmental conditions may have a decided effect on the telio- 
spores themselves is indicated by the observations of Stakman, Kirby and 
Thiel*' who report that in the southern United States teliospores of Puccinia 
graminis are not able to infect barberry. In the case of Puccinia antir- 
rhini it is evident that some seasons and in some localities teliospores may 
be i)roduced in great abundance. Since out of the seven collections made of 
teliospores of Puccinia antirrhini studied at Lafayette, Ind., five gave ger- 
mination, the teliospores are a factor which must be taken into consideration 
in (connection with the rust of snai)dragon. 

Although the results obtained by sowing teliospores of the rust are not 
all that could be desired, negative results never being as satisfactory as ])Osi- 
tive, nevertheless th(?y furnish some interesting information concerning a 
number of the cpiestions involved. The lack of infection when germinating 
teliospores were sown on snapdragon plants indicates that the rust is heter- 
oecious and eliminates them as a source of danger in the sf)read of the rust 
unless the alternate host is present. Since all heteroecious rusts produce 
pycnia and aecia on the alternate host, it must follow that Puccinia anfir- 
rhini is a long cycled rust, i,e., having all spore forms. 

What the aeeial host of Puccinui antirrhini may be, is an interesting 
question. The rust does not x>ossess any marked peculiarity of structure or 
marking which greatly distinguish it from many other species of the genus 
Puccinia. Consequently it is almost a hopeless task to attempt to find the 
correlated short -cycled Puccinia and thus determine the genus of the alter- 
nate host.’® It is very doubtful if the aeeial host is to be found throughout 

8 Eriksfion, Jakob. Uobor die Daucr der Keimkraft in don Wintersporen gewisaer 
Bostpilze. Central blatt. Bakt. Parasitenk. u, Infektionskrankh. 4: 370—388. 1898, 

» Stakman, E. C., Kirb^?, R. S., and Thiel, A. F. The regional occurrence of Puccinia 
gtaminiii on barberry. Phytopathology 11: 39-40. 3921 (Abstract). 

3 0 For discussion and examples of the use of this method of correlation see Proe. Ind. 
Acad. Sci. 1921: 333-135. 1 pi. 3922. 



286 


Phytopathology 


[VoL. 14 


the preifent range ot the rust and in consequence attempts to find an asso- 
ciation of the stages is likely to be largely wasted effort. All evidence indi- 
cates that this rust did not originally occur on snapdragon. Aiiiirrhinum 
majus is a native of the Mediterranean region, but the rust is unknown 
there. Puccinia antirrkini was first discovered by Blasdale’^ on cultivated 
snapdragon at San Leandro, California, in 1896 and was described by Dietcl 
and Hoi way in 1897 from a collection made by Blasdale at Berkeley, C-ali- 
fornia. Outside of California and Oregon, the rust was not noted until 
about 1913 when it appeared in a serious way in the vicinity of Chicago, 
111. Since then it has been spread, until it is now found in twenty of the 
states of the United States, three provinces of Canada and in Bermuda. 
Apparently, therefore, the rust originated in California, probably from 
some native species of Antirrhinum. Blasdale rei)orts being able to infect 
Antirrhinum vagans Gray with the rust from snapdragon and considers 
collections of the rust made upon A. nuttalianum Bcnth. and A. virga Gray 
as being Puccinia antirrhini. Two other rusts very close to P. antirrhini 
have been described from California, P. adenosfegiae Arth. on Adenostegia 
pilosa (A. Gray) Green, and A. rigida Jepson and Puccinia cordylanthi 
Blasdale on Adenostegia filifolia (Nutt.) Abrams {Cordylanthus filifoKus 
Nutt.). Blasdale considei*s each a distinct species, while Arthur has brought 
them together under the name of Puccinia antirrhini. These conclusions 
were reached without cross inoculations so that it is not certain that Ade- 
nostegia species are hosts for the snapdragon rust, but they should be kept 
in mind. 

It would seem as if location and observation of the rust on these native 
species would be the most likely method of obtaining clues as to the aecial 
host. Apparently the California species of Antirrhinum are not abundant 
and easily accessible. Both the Antirrhinums and Adenostegia species are 
found on dry hills. This, taken with the fact that the teliospores apparently 
germinate most abundantly soon after maturity, may possibly indicate ger- 
mination taking place and the infection of the alternate host occurring with 
the beginning of the fall rains. This also suggests a possibility that the 
aecial stage is systemic in some winter annual or a perennial in a manner 
similar to Puccinia eatoniae which produces its telia on species of Eatonia, 
the teliospores germinating in the fall, infecting Ranunculus ahortivus^ pro- 
ducing a systemic mycelium from which aecia are formed the next spring. 

SUMMARY 

1. Germination of the teliospores of Puccinia antirrhini has been ob- 

JA Blasdale, W. C. A Preliminary List of the Uredinales of California. Univ. Calif. 
Publ. Bot. 7: 101-157. 1919. 

i2Dietel, P. Einige neue Uredineen. Hedwigia 36: 297-299. 1897. 
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tained from five out of seven collections studied and during four of the five 
years tests have been made. 

2. Sowings of the germinating teliospores on young, rust-free snap- 
dragons did not give infection in any ease. 

3. This would indicate that the rust is heteroecious and has pycnia and 
aecia on an alternate host. 

4. It is considered that the most likely method of discovering this host 
is by observations in California on native species of Antirrhinum in locali- 
ties where they are infected with the rust. 



PHYTOPATHOLOGICAL NOTES 

Resistance of sorghum to loose and covered smuts. — The writer has car- 
ried out an experiment to determine the reaction of certain varieties of 
sorghum to Sphacelotheca sorghi (Link) Clint, and S. cruenta (Kiihii) 
Potter. The seed of ten varieties of sorghums were received from Dr. George 
M. Reed, Brooklyn Botanic Garden, Brooklyn, N. Y., and separate lots 
inoculated with the spores of the two smuts and sown at Modi Bag Agri- 
cultural College, Poona, India. 

Five of the varieties used were repoi-ted by Reed (Myeologia, IS: 132- 
143, May, 1923) as resistant and the remaining five as susceptible to both 
Sphacelotheca sorghi and iSf. cruenta in his experiments. My results are 
given in the following table: 



Sphacelotheca Sorghi 

Sphacelotheca Cruenta 


No. of 

Per cent 

No. of 

Per cent 


heads 

Infected 

heads 

Infected 

Milo, Dwarf 

200* 

0 

200 

0 

Milo, Standard 

200* 

0 

200 

0 

Feterita 

:i70 

2 

325 

.3 

Feterita, Spur 

200* 

0 

200 

0 

Milo, White .. 

200* 

0 

200 

0 

Kahr, Sunrise 

205 

9.2 

240 

2.05 

Kafir, Blackhull 

180 

18.1 

180 

4.7 

Kafir, Red 

105 

50.1 

807 

13.5 

Kafir, Dawn 

210 

40.7 

225 

23,5 

Shallu 

140 

42.1 

178 

30.0 


* Number of heads? eatiunated. 

These results are quite similar to those reported by Reed. The resistant 
varieties have shown their resistance in my ex])eriments and the susceptible 
varieties have been more or less severely infected. My earlier repoits on the 
susceptibility of Dwarf Milo (Phytopathology, 11 : 252, 1921) was a mis- 
take due to the fact that the variety used turned out not to be Dwarf Milo. 
— G. S. Kulkarni. 

British As.wciation for the Advancement of Science. — The annual meet- 
ing of the British Association for the Advancement of Science in 1924 wilt 
take place in Toronto, Canada, from Wednesday, August 6, to Wednesday, 
August 13. The section in which plant pathologists will be most interested 
is Section K (Botany), of w^hich Professor V. II. Blackman is the President 
and P. T. Brooks, 31 Tension Avenue, Cambridge, England, is the Recorder. 
Professor J. H. Faull and Professor R. B. Thompson, both of the University 
of Toronto, are chairman and secretarj^ respectively of the local committee 
for this section. The botanical program is not available at this time but 
notice has been given of a joint session of the Botany and Zoology Sections 
on The Species Concept. It is hoped that many members of the American 
Phytopathological Society will plan to attend these meetings. — R. J. Haskell. 

The M'uy number of Phytopathology was issued May S4, 1924. 
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apple measles, with special reference to the com- 
parative SUSCEPTIBILITY AND RESISTANCE OF APPLE 
VARIETIES TO THIS DISEASE IN MISSOURI 

A UTH VU S. R no A 1>H 

With Plates XVII to XXI and One Eiguhe in the Text 
INTRODUCTION 

Since its report and description in Arkansas in 1912, apple measles has 
been reported from a number of states and appears to be a disease of wide- 
spread occurrence that is gradually attracting an increasing amount of 
attention. This disease, which has been made the subject of two contribu- 
tions from the Missouri State Fruit Experiment Station (15, 16), is of such 
common occurrence in the orcliards of this station and in those of other 
sections of the state tliat the writer began an investigation of it at the begin- 
ning of 1923. However, inasmuch as he has accepted another position in a 
totally different line of investigational work, no further attention can be 
given this problem. It has been deemed advisable, therefore, to sum up 
briefly the investigational work thus far done on this disease and to present 
the work of the writer. 

HISTORICAL 

Apple measles was first described by Hewitt and Truax (12) from 
Arkansas in 1912, where it was observed first in 1908. The disease was 
given the very appropriate name of “mcuvsles’’ and two forms of it were 
described, namely the pimply or pustular type and the scurfy type. No 
organism was found which could be definitely considered as the cause of 
this trouble. 

Apple measiles was reported next in 1914 by Rose (15), who called it 
“pimple canker” and states that it had been known at the Missouri State 
Fruit Experiment Station since about 1904. He describes and illustrates 
both the pimply and the scurfy types of the disease, calling the latter 
“scurfy canker” or “rough-bark canker.” In the later paper by Rose 
(16) the rough-bark or scurfy bark type of measles is described in detail 
and evidence presented that it is caused by one or more forms of bacteria 
which appear to be the same as the one causing a blister-spot on the fruit 
of certain varieties of apples. 
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Adams (1) reports the occurrence of apple measles in Pennsylvania in 
1916, giving notes on the same and illustrating the occurrence of this disease 
on a limb of a Smith Cider tree. 

Subsequent reports of apple measles from a number of states are men- 
tioned in several numbers of **The Plant Disease Bulletin^’ issued by the 
U. S. Department of Agriculture. Heslej:’ and Haskell (11, p. 18) mention 
a report that it was local in Pennsylvania and that there the Smith Cider 
appeared to be the most susceptible variety. They also mention a report 
from Ohio of a “pimple disease’’ on apple, which the writer assumes is but 
another name for measles. Hutchins and Haskell (13, p. 137) state that 
Leonian reports measles to be common and destructive in New Mexico and 
that Virginia reported it from Patrick County. Anderson (3, p. 61) states 
that Leonian reports measles to be quite a serious apple trouble throughout 
New Mexico. Haskell and Wood (10, p. 51-52) give a resume of the apple 
measle situation up to that time. They state that since its first report from 
Arkansas it has been reported from Pennsylvania, Maryland, Virginia, 
Alabama, Michigan, Arkansas, New Mexico, Illinois, and Kansas, but neg- 
lect to include Missouri. Except for New Mexico they believe the disease 
to be local and of little importance. The Plant Disease Survey (14, p. 106) 
mentions a report by Sherwood that apple measles is increasing and appar- 
ently causing considerable damage in certain sections of southeastern West 
Virginia. 

Brief reports of the progress of investigations on apple measles in New 
Mexico occur in the annual reports of the New Mexico Agricultural Experi- 
ment Station (4, 5, 6, 7). In the report for 1920-1921 (5) a very com- 
prehensive program of investigational work on this disease is outlined and 
it is stated that measles has been reported from every apple-growing section 
in New Mexico, as well as southwestern Texas. It is also reported as occur- 
ring in Colorado and South Carolina. A popular account of this disease in 
New Mexico is given later by Archer (8). 

DESCRIPTION OF APPI.E MEASLES 

Macroscopic description . — The disease known as apple measles is ex- 
tremely variable in its occurrence. In general it may be stated that there 
are three more or less distinct types of the disease. As a matter of con- 
venience these may be designated as the isolated pustular type, the aggre- 
gate pustular or scurfy type and the canker type. There may be various 
gradations between the first and the second and, less frequently, between 
the second and the third of these so-called types, depending somewhat on 
the stage of development of the disease and the variety affected. 

In the isolated pustular type more or less numerous reddish to chestnut 
brown pustules may occur on the smooth bark of the twigs and young 
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branches, varying from sparse to dense infestations, as illustrated in plate 
XVIII, A. This type of the disease has been observed most frequently on 
York Imperial trees, although the other two tyj)es may also occur on this 
variety. These pustules are generally a light red near the circumference and 
chestnut brown toward the summit. Superficially htey closely resemble 
fungous pycnidia, but microseo])ic examination shows the resemblance to be 
merely superficial. As a rule the pustules average about 1/32 of an inch in 
diameter and about half of their diameter in height. Occasionally, as on the 
limbs of the Family apple tree illustrated in plate XVII, B, they may have 
a basal diameter of as much as Yg of an inch. The larger pustules at least, 
due to the unequal tensions arising in the growth of the twig or branch, may 
split open radially, or they may tend to split basally from the underlying 
bark, as is shown in plate XVll, B. If a thin shaving be cut from the sur- 
face of the cortex with a sharp knife or razor the cut surface is spotted with 
dark spots according to the number of pustules cut through. As a rule the 
pustules do not extend inward more than a third of the distance to the 
cambium, and in no case have they been noted to extend more than about 
half way in to the cambium. 

In certain other phases of the disease the pustules become more numerous 
and often densely crowded until small areas of the twigs and young 
branches, or often large areas of the same, have a densely pimply or finely 
pustular appearance and the whole area of the affected bark becomes irregu- 
larly thickened. The thickened bark acquires a darker coloration than the 
normal bark, becoming reddish brown to blackish and often with a purplish 
tinge. Occasionally the thickening of the bark is nearly uniform, but usu- 
ally it is very uneven, giving the appearance of having been formed by the 
coalescence of a large number of pustules. Some of these nearly uniformly 
thickened blackish areas of bark often may be confused with a similar type 
of bark often occurring around blotch infections, but usually are much more 
extensive and do not exhibit the cracking of the bark with pycnidia as does 
the blotch. The above type of the disease, which is much more prevalent 
than the isolated pustular type, may be termed the aggregate pustular or 
scurfy type since the densely pustular areas of thickened bark give the twigs 
and branches much the appearance of being covered with a scurf. This is 
the type of the disease so commonly found on Beach (Plate XVII, A) and 
Summer Champion trees. On these varieties the pustular thickened areas 
of bark very frequently have their inception at the nodes, although they 
also may start at some point along the intemodes. After a time the bark 
that has become densely pustular or scurfy begins to crack and peel off, 
sometimes in very fine scales, as in Beach, but more often in quite promi- 
nent ones, as is shown at the right in plate XIX. Frequently the outer, 
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densely pustular portion of the bark at the bases of young trees will slough 
off in heavy scales at an early age (Plate XXI). 

Very frequently there occur on the smooth bark of the limbs and trunks 
of affected trees more or less localized areas of densely pustular bark of 
the aggregate pustular or scurfy type that soon become roughened and scaly. 
Owing to the rather sharply demarked limits of these roughened areas of 
bark they closely resemble cankers and therefore have been designated by 
the writer as measle cankers. As a rule measle canker formations do not 
occur on young trees. The case of the heavy bark scaling on the trunk of 
the tree shown in plate XXI, while morphologically the same as the scaling 
of the bark on the branches illustrated in plate XIX, is not termed a measle 
canker because the limits of the affected bark are not sharply defined as 
are those of the limbs illustrated in plate XIX (in the limb at the right the 
distal ends of the diseased bark arc not shown). As was stated before, 
however, many gradations are to be found between these arbitrarily deter- 
mined types. In many varieties the measle (tanker formation is the only 
evidence of the disease that the trees exhibit. These cankers usually occur 
on the branches but sometimes occur at various points on the trunk from 
the base to the crotch of the scaffold limbs. When occurring at the latter 
point the cankers usually extend up onto the scaffold limbs. Such mode of 
infection was noted in Black Annette, Ingram, loAva Beauty, Isham, Lybyer 
No. 1, Texas County Seedling, Yellow Transparent, and Wealthy. 

The earlier stages of measle canker formation, consisting of densely 
pustular and irregularly thickened bark areas, or of the same after tlie 
pustular layers of the bark have begun to crack, looscni and scale off (Plate 
XIX, left), are seen much less frequently than the older stages where the 
outer layer of the pustular bark has become cracked and is in various stages 
of sloughing off (Plate XIX, right). Where the measled bark has practi- 
cally all sloughed off the more or less pimply bark usually found at the 
margins of the bark cankers furnishes the tell-tale signs of measles (Plate 
XVII, C), However, in other cases where the pustules extend into the bark 
but very superficially the entire pustular portion of the bark soon sloughs 
off very completely, leaving behind a smooth layer of bark without even a 
trace of pustule formation at the margin. This complete exfoliation of the 
outer diseased bark indicates that the tree has outgrown the disease. This 
occurs very quickly in small cankers in which the pustules extend into the 
bark but very superficially, but in those in which the pustules extend in 
rather deeply the evidence of measles may persist for several years. In the 
case of an Evans tree the roughened scaling bark of the measle canker still 
could be vseen plainly on a 4^-inch limb. It is very exceptional, however, 
to find measle cankers still in evidence on limbs of this size inasmuch as the 
normal processes of bark scaling, which occur sooner or later on the older 
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stem portions, tend to obscure and obliterate the measle canker formation. 

A well illuvstrated description of the process of bark scaling occurring 
in the measle cankers has been given by Rose (16), who terms this form of 
the disease the rough-bark or scurfy-bark canker, lie states that these 
cankers usually are found on the north side of a limb and that, with few 
exceptions, they are bordered by a pimpled ridge slightly more brown than 
the healthy bark around them (Plate XVIT, C). Rose also states that the 
active stage of the disease occurs in the early spring and reaches its extreme 
form on certain varieties of dwarf apples, but that it has been observed on 
Logan, Munson, Ben Davis, and several others. His description is quoted 
in the following : 

In the development of this active stage, the first change visible from the outside is 
the formation of narrow cracks, 1.0 to 1.5 mm. deep by 5 to 20 cm. long, about 1 cm. 
outside of tlie pimply ridge referred to above. Inside of these cracks the bark is found 
loosened — as early as March 21, 191() — in a layer about 2 mm. deep. It is easily peeled 
off and if this be done tlnu’e is revealed a spongy layer of giaiit c('lls about 1 mm. thick, 
which is white or greenish white at first, but which soon oxidizes to a pale brown and 
later to a dark brown color. Under natural conditions the loosened outer layer begins 
t^ dry and curl slightly within a few days after the cracks are form(‘d; as a consequence 
the cracks widen, air circulates more freely under the loosoiiotl layer and the spongy layer 
dries down. Within two weeks from the time the cracks first show there is usually no 
spongy layer to be found and tlie loosened layer has become dried, curled fragments which 
break off almost at a touch. Many varieties show no wdiolesale loosening of the outer 
bark, but merely a scaling off of small patche.s without the foimatiou of a definite spongy 
layer. Sometimes the dry, brown vestiges of su<di a layer can be found, sometimes not. 
Possibly in such cases it <levelops slowly and progressively fiom one point to another, 
loosening the bark only a little at a time and drying down almost immediately. 

In the numerous measle cankers studied by the writer, however, no such 
process of bark sealing in which the bark becomes loosened by the formation 
of a spong>' layer of giant cells as described by Rose (15) has been observed. 
Tlie orchard of dwarf apples for which this process of bark scaling was 
described and illustrated by Rose Avas removed a few years ago. The 
writer is inclined to regard Ro.se’s de.scriptioii of tlie formation of a spongy 
layer of giant cells beneath the loosening bark to be analogous to a similar 
process of bark loosening from an abnormal cell-elongation in the bark 
])arenc]iyma described by Sorauer (17, ppi. 328-33]), as a result of the 
action of a local excess of water. It is not impossible that this pathological 
condition may have occurred in conjunction with measles. In the many 
measle cankers studied by the WTitcr the bark scaling resulted only from the 
formation of cork layers beneath the outer pustular bark. 

Measles apparently have their inception only on the fairly young growth, 
although in the many cases studied by the writer the pustular bark was 
noted but rarely on the growth of the last year or two, cA^en in very sus- 
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ceptible varieties. In fact the occurrence of measles on one-year shoots 
appears very rare, although it has been observed. In the case of larger 
branches or limbs disposed more or less horizontally there often appears to 
be a tendency for the measled bark to be confined largely to the upper sides. 
Both young trees and old ones may exhibit measles and many varieties show 
unmistakable evidence of having been affected for many years. 

Microscopic appearance . — Large numbers of microtome sections were 
prepared from both imbedded and unimbedded material representing 
various types of measles in order to study in detail the course of the develop- 
ment of the disease and the pathological anatomy of the diseased bark. In 
normal apple bark the epidermis is replaced as a tegumentary tissue before 
the end of the first year by a protective cork layer from 3 to 5 cells deep, 
which develops from a meristematic. layer of i)hel]ogen originating on the 
inner side of the epidermis. This band of cork cells, which represents the 
primary periderm formation, increases but little in thickness during the 
course of the next several years, during which it constitutes the external 
investment of the stem. 

In every case observed, where a measle pustule develops this band of cork 
cells broadens locally, not only as a result of the increase in the number of 
cells developed beneath the outer layers of cork cells but also as a result of 
the increased width of these cells as viewed in transverse sections. Like 
the cells of the protective cork layer normally replacing the epidermis, they 
are filled with a brown substance which has but little or no affinity for the 
aniline dyes ordinarily used in staining. 

In the fairly distinctly developed pustules there appears to be a rather 
abrupt transition to still larger and more or less elliptical cells, whose 
arrangement departs from the radially disposed rows so characteristic of 
the outermost portion of the bark. The cells at the immediate centers of 
the individual pustules are thinner-walled than those of the cork layer 
above ; their walls show a strong affinity for cellulose stains, such as Dela- 
field^s haematoxylin, and they appear to be parenchymatous in character 
(Plates XVIII, B; XX, A). 

Eventually a layer of cork cells, continuous with the innermost row of 
cells of the layer of cork replacing the epidermis, develops beneath the tis- 
sues of the excrescence, which then become cut off from the underlying 
cortex. "With the continued development of the cork formation beneath the 
excrescences they tend to become exfoliated. 

In the so-called scurfy type of measles, in which the bark becomes so 
densely pustular that it becomes more or less irregularly thickened over 
large areas, the general features of pustule formation are essentially the 
same except that they anastomose more or less extensively and large areas 
of bark may become involved in the bark exfoliation. 
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In many varieties, such as the Beach and Summer Champion, the pus- 
tules in general always remain characteristically minute and inconspicuous ; 
as a rule they rarely attain the prominence of the one shown in plate XX, 
A. In other varieties, such as Ingram, Jonathan and York Imperial, in 
which the pustules as a general rule are characteristically larger and more 
conspicuous, the layers of cork cells, both above and below the developing 
pustule, become bowed out by the development of the excrescence, so that 
in transverse section the smaller types of pustules are lenticular in outline 
(Plates XVIII, B ; XX, A). Or they may enlarge until they become as deep 
as they are broad and appear more or less circular in outline as viewed in 
transverse section. In extreme cases of pustule formation, as in the branch 



Fio. 1. A senii-diagranimatie camera-lucida drawing of a transverse section through, 
the pustular bark of canker on branch of Jonathan apple tree appearing at left in plate 
XIX, showing the complete inclusion of old measle pustules, either singly or in groups, 
in the outer bark and their demarcation from the surrounding cortex by cork layers. 
The lower shaded portion represents the inner bark or phloem with the medullary rays 
shown as they actually occurred, X ^3* 


of the Family apple tree shown in Plate XVII, B, many layers of radially 
compressed cork cells have developed beneath the original measle pustules so 
that large and very conspicuous excrescences are formed eventually (Plate 
XX, B). Here the pustules extend in as far as the outer hard bast bundles. 

In still other cases of measles in which the bark has more or less of a 
lumpy appearance instead of a distinctly pustular one, as in the case of the 
Jonathan limb shown at the left in plate XIX, large numbers of the pustules 
often become overgrown in the processes of bark development and remain 
behind as inclusions in the cortex. These inclusions become walled off from 
the rest of the surrounding living tissue by a layer of cork developed about 
them, which is similar to that of the protective layer replacing the epi- 
dermis and averages from 10 to 15 cells in thickness (Plate XX, C). 
Hartig (9) illustrates a similar walling off by cork layers of areas of bark 
killed by lightning discharge in Picea excelsa. In case two or three included 
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measle pustules closely adjoin one another the wall of cork may develop 
about the group, dipping inward partially between the individuals (Text 
figure 1). Many of these inclusions lie near the surface of the bark, while 
others are more deeply imbedded, being distributed among the outer groups 
of hard bast fibers. Bundles of bast fibers are often found in the centers 
of these included tissues. 

COMPARATIVE SUSCEPTIBILITY AND RESISTANCE OP APPLE 
VARIETIES TO MEASLES 

We have as yet very meager information concerning the comparative 
susceptibility and resistance of apple varieties to measles. While Hewitt 
and Truax (12) give no data on this point, it is evident from their work 
that Ben Davis, Gano, Givens, Jonathan, and Limbertwig are susceptible 
varieties. Rose (15) states that the White Winter Pearmain and Beach 
wore severely affected, and that many other varieties also were affected but 
none of them to any great extent. In his later paper dealing with the scurfy- 
bark type of measles, Rose (16) states that the disease occurs on such stand- 
ard varieties as Ben Davis, Jonathan, Logan, White Winter Pearmain, 
Beach, Stayman Winesap, Munson, and Marsh, but much more severely on 
certain dwarf varieties. Haskell and Wood (10) state that PennsylvaT\in 
reported Smith Cider as the only variety commonly affected, but that 
Maiden Blush was attacked in 1915. Archer (8) states that the Jonathan 
seems to be the most susceptible variety in New Mexico, adding that the 
disease occurs on other varieties but that the damage is negligible. Adams 
(2) states that measles was reported on Delicious in Kansas in 1922. 

At the beginning of 1923 the writer started an intensive reconnaissance 
study of the several orchards of the Missouri State Fruit Experiment Sta- 
tion in order to determine the extent and severity of apple measles, its forms 
and mode of occurrence, and to determine the relative suscex)tihility and 
resistance of the numerous varieties of apples represented. This recon- 
naissance was begun during the late winter and was completed before the 
leaves had begun their development, so that a clear and unobstructed view 
could be had of all the branches. 

The older orchards, represented by the Commercial, East Variety and 
West Variety Orchards, were studied first. These orchards, which are 
maintained in sod, were set out in 1902, 1903 and 1904, and replantings 
made subsequently as the original trees died. A total of 1667 trees was 
used as a basis for the measle census in these three orchards and many other 
trees were omitted because there was no record of the variety. 

While the paucity of trees of most of the numerous varieties renders it 
difficult to draw conclusions, it was clearly evident that there are marked 



1924] 


Rhoads: Apple measles 


297 


differences in the susceptibility and resistance of different varieties of apples 
to measles under the same conditions of soil management. It was further- 
more evident that many of the suseei)tible varieties became affected by 
measles in a manner and extent more or less peculiar to the variety, although 
some varieties may exhibit all three types of measles. For example, the 
Beach, Blue Pearmain, King David, Oldenburg, Red Astrachan, Summer 
Champion, Texas Red, Winter Pearmain, and certain other unknown varie- 
ties were characterized by the branches and twigs of many or even all of 
the trees of some varieties being finely but densely pustular, the pustular 
condition being of such widespread occurrence that the limbs, branches and 
twigs appeared scurfy in general. In these varieties the bark on the older 
limbs eventually becomes finely scaly and measle canker formations rarely 
occur. In still other varieties, such as the Elkhorn, the measled appear- 
ance was the same except that the jmstulcs were larger and more conspicu- 
ous. The only Family apple tree present was characterized by unusually 
large and prominent corky ])ustulcs varying from sparse to dense infesta- 
tions. Some York Imperial and Jonathan trees may show only occasional 
isolated pustules, while others, or perhaps other brandies of the same tree, 
may show patches of them or scurfy areas of bark, and sometimes canker 
formations also. The majority of the susceptible varieties, however, merely 
exhibited measle canker or else occasional pustular patches of tlie scurfy 
type on the limbs, or sometimes both. As a rule the measle cankers aver- 
aged from 1 to 5 per tree and appeared to be of no consequence in so far as 
the health of the tree was concerned. However, a few varieties like Heiges, 
Logan, Munson, and Whitney (crab) proved especially susceptible to tliis 
form of measles, the trees commonly having 10, and occasionally as many 
as 20, cankers on the limbs. As a rule these cankers consisted of long scaly 
bark areas usually extending entirely around the branches. These cankers 
W(»re commonljT^ a foot, and sometimes nearly three feet, in length. 

It was believed that a reconnaissance of the station's North Commercial 
and Pruning Orchards, which are divided into a number of different soil 
management plots, would indicate whether or not any relation exists 
between soil moisture, fertilization or ])runing and the occurrence of apple 
measles. The North Commercial Orchard was set out in 1921, the soil 
management plots running at right angles to the variety rows, of which 
the first four arc York Imperial, the next four Willow, the next four Jona- 
than, the next three Golden Delicious, and the last three Rome Beauty. In 
1922 an additional ten trees were interplan ted in plots E to J of each variety 
row for temporary study, making a total of 986 trees in this orchard. 
Unfortunately for the point to be determined, the York Imperial was practi- 
cally the only variety that exhibited much in the way of measles. Of a 
total of 228 trees of this variety 74 exhibited more or less of a measled 
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appearance, varying from a few pustules on the branches and twigs to a 
fairly general densely pustular condition of the trunks, branches and twigs. 
Only 2 of the 228 Willow trees and 3 of the 228 Jonathan trees exhibited a 
measled condition, and no evidence of this trouble was noted on any of the 
155 Golden Delicious and 147 Rome Beauty trees. The number of measled 
York Imperial trees on any one of the special treatment plots varied within 
the limits of the number of measled trees on the various check plots and no 
relation between apple measles and soil management was apparent. 

The same situation was found to hold for the Pruning Orchard, which 
was set in the spring of 1919. This orchard consists of 17 rows of different 
varieties, with 47 trees in each row except the first (Golden Winesap) , which 
has but 20. Two of the rows were replanted in 1922 to Payne and McIntosh. 
There is a total of 772 trees in this orchard. The pruning and soil manage- 
ment plots run at right angles to the variety rows. No evidence of measles 
was noted on any of the trees in the rows of Golden Winesap, Winesap, 
Paragon, Arkansas Black, Willow, Rome Beauty, Stayman Winesap, 
Ingram, Black Ben Davis, Payne, and McIntosh. In the remaining rows 
of 47 trees each the number of trees affected by measles was as follows : 
Collins, 3 ; York Imperial, 45 ; Grimes, 1 ; Jonathan, 9 ; King David, 43 ; 
Delicious, 8. Here, just as in the North Commercial Orchard, no relation 
was to be observed between measles and the mode of soil management, nor 
the mode or severity of pruning. In both these orcliards measles appeared 
to be related only to the variety of the tree and this relation appeared to be 
a very clean cut one. 

The station's Summer Orchard, which is maintained in clean cultivation, 
was set out in 1919 and originally contained 22 rows of 10 trees each. How- 
ever, many had died and were replanted in 1920 and 1921. Of the 185 
trees used as a basis for the measle census of this orchard the following 
number of each variety exhibited measles : Yellow Transparent, 5 out of 10 ; 
Carson, 1 out of 10; Colton, 1 out of 10; Chenango, 1 out of 8; Summer 
Champion, 4 out of 9; Wealthy, 2 out of 10. No evidence of measles was 
noted on the remaining trees, among which were the following: 10 each of 
Early Harvest, Liveland, Oldenburg, Benoni, Maiden Blush, Red Astra- 
chan, Skelton, Williams, Red June, Eades, and Ada Red; 3 of Lowell; 6 
of Wilson June ; 3 of Sops-of-wine ; and 3 of Fanny. 

In the station’s Stock and Scion Orchard, which was set out in 1920 and 
1921, and which is maintained in clean cultivation, 234 trees were examined. 
Only one of the Stayman Winesap trees exhibited measles out of the follow- 
ing: 22 each of Virginia Crab, Transcendent Crab, Walbridge, Hibernal, 
Minkler, Mammoth Black Twig, Henry Clay, Peerless, and Lilly ; 8 Ingram ; 
7 Stayman Winesap ; 7 Grimes ; and 14 Mann. 

In the station’s Top-worked Orchard, which is maintained in sod, but 
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little of any general interest on measles was noted. The portion remaining 
at the time of the reconnaissance consisted largely of Ben Davis- Jonathan 
crosses, unknown varieties and trees top-worked with one or more varieties. 
Among the latter one tree top-worked with Matt Seedling and one with 
Reinette Clcrmontois exhibited measle cankers on the limbs. Another tree 
top-worked with Cox Orange below and Arlington above exhibited numer- 
ous large measle pustules on the limbs and branches, and smaller ones on 
the twigs practically throughout the entire tree, with the bark becoming 
finely scaly on many limbs. 

Two test orchards of seedling trees, most of which had come into bearing, 
also were examined and many trees were found to exhibit measles in vary- 
ing degrees. These trees were crosses between various varieties, but mostly 
between Ben Davis and Jonathan. Of the unnamed chance seedling trees 
in the orchards of the station 7 out of 21 seedlings representing 30 trees 
were affected by measles in varying degrees. 

The reconnaissance of the young orchards affords additional strength for 
the opinion formulated from that of the old orchards that there arc marked 
differences in the susceptibility and resistance of different varieties of apples 
to measles under the same conditions of soil and management. Tree age 
does not appear to be a determining factor in the occurrence of measles for 
in many of the varieties botli young and old trees exhibited the trouble, and 
many of the latter clearly have been affected for several years. However, 
in a few varieties, namely Arkansas Black, Black Ben Davis, Hibernal, 
Minkler, Oldenburg, Red June, Skelton, Tolman, Wealthy, Williams, 
Wilson June, Winesap, and Winter Paradise, measles was noted on the old 
trees but not in the young ones. 

In table 1 a list of all the known varieties of apples in the orchards of the 
Missouri State Fruit Exi)eriment Station exhibiting measles is given, the 
character of the disease exhibited being classified into two more or less broad 
types, namely the pustular type, covering all gradations between the closely 
allied isolated pustular type and the aggregate pustular or scurfy type, and 
the canker type. In case the trees of any one variety exhibited both of these 
types of measles an asterisk is placed in each column and the type pre- 
dominating, if either, marked with two asterisks. 

It is not claimed that the varieties in the list below are not susceptible 
to measles because the number of trees of practically all of them is far too 
small to justify this conclusion. In the field reconnaissance it was noted 
that a few varieties that did not exhibit measles in one orchard did in 
another. Further studies of trees of the varieties in this list will undoubt- 
edly show that several of them arc susceptible to measles. In fact, of the 
varieties listed in table 2, two have been reported to be affected by measles, 
namely the Limbertwig in Arkansas, by Hewitt and Truax (12), and the 
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TABLE 1. — Varieties of apples in orchards of Missouri State Fruit Experiment Station 

exhibiting measlesA 


Type of measles 
exhibited 

Number Number 

Variety of tree Present Affected “ 

Pustular Canker 
type type 


Akin 


i 1 

1 

« 

Alexander 


i 2 

2 

« ** 

Arkansas . 


i 8 

4 

# 

Aj^kansas Black 


: 50 

3 

« 

Arlington (topworked) . 


; 1 

1 

* i 

Ashton .. 


1 1 

1 

1 * 

Autumn Cranberry 


1 2 

1 

1 

Autumn Sweet Swaar 


2 

2 


Babbitt 


' *> 

(> 

« 

Baker 


! 2 

2 

« 

Baxter . 



2 

* 

Beach ... 


1 19 

19 

1 

Belmont 


1 2 

2 

* 

Ben Bavia 


: 75 

14 

* 

Ben Hur 


4 

2 

1 

Bentley 


’ 2 

2 

« 

1 

Black Annette 


■ 2 

«> 

1 

Black Ben Davis 


! 67 

JO 

« 

Blue Pearmain . 


9 

2 

« 1 

Bonum 


1 2 

2 

i * 

Boskoop .. . 


1 

: 1 

! * 

Bryan 


: 3 

' 1 1 

1 1 ^ 

Buckingham 


i 4 

2 i 

i ' 

Buncombe 


3 

i 

1 II' 

1 

Calvert . . 


! 2 


1 * 1 

Carson 


i 10 


i • 

Chase Blush (crab) 


; 2 

' I 1 

♦ 

Chenango . 


i 15 

1 *1 ! 

' * 

Cleopatra 


i 2 

2 i 

* 

Coffelt 


1 1 

' 1 ■ 

* 

Coffman .. 


! 3 

! 1 

* 

Collins . . . 


1 318 1 

I 

* 

Colton 


i 15 

2 

* * 

Cox Orange (topworked) 


i 1 1 

1 

« 

Delicious . ... 


62 ' 

i 10 

« 

Early May ... 


' 3 1 

3 


Early Melon 


; ^ i 

1 

* 

Elkhorn 


^ 1 

3 

¥ 

English Busset . .. 


- 1 4 

1 1 

3 


- „ _ _ 

. 






1 The nomenclature for apple varieties here listed is that of Beach (The Apples of 
New York, Volumes I and II, Ann. Kept. N. Y, (State) Agr, Exp. Sta., 1903, 1905) and 
Began (Nomenclature of the Apple; a catalogue of the known varieties referred to in 
American publications from 1804 to 1904, U. S. I)ept. Agr., Bur. Plant Ind. Bui. 56, 
1905). A few varieties not found in these publications are of foreign origin or American 
varieties that at present are not grown to any extent commercially. 
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Variety of tree 


Esopus 

Evans 

Excelsior (crab) 

Fall Pippin 
Fall Queen . 

Fall Stripe 
Family . 

Gano 

Garden Seedling 
Gilpin . 

Givens 

Gladstone 

Golden Russet 

Gravenstcin 

Green Sweet 

Grimes 

Hawley 

Hargrove 

Hastings Red 

TIeiges 

Hibernal 

Highfill 

Hightop Sweet 

Hoi belt 

Holley 

Holman 

Holt 

Hoover 

Hubbardston 

Ilurne 

Hyslop (crab) 

Ingram 
Iowa Beauty 
Isham 
Ishewood 
Ishmaelite 
J acob 

Jersey Sweet 
J ohnsonite 
Jonathan 

Kentucky Bed (crab) 

King 

King David 

Kinnard - 

Kittageskee 

Koorooehiang (U. S. D. A. buds) 

Langford 

Hansingburg , 

Lawvcr . .. 


I Number 
j Present 

I 

i 


I 


I 


! 


I 


I 


6 

4 
1 

5 
1 
2 
1 
4 

6 
8 

45 

0 
2 

4 

1 

75 

2 

a 

1 

38 

25 

5 

a 

a 

1 

a 

n 

4 
1 

5 

4 

120 

1 

2 

a 

2 

1 

a 

1 

372 

a 

6 
52 
12 

3 

2 

a 

8 

5 


j 

i 


I 


I 


Number 

Affected 


Type of measles 
exhibited 


Pustular 

type 


Canker 

type 


2 

2 

1 

2 

1 

2 

1 

1 

6 

1 

27 

2 

0 

a 

1 
1 
2 
a 

1 

38 

3 
a 
*■'> 

1 

1 

a 

4 
1 
1 

0 

10 

1 
1 
a 

2 
1 

1 

37 

1 

1 

48 

o 

0 

1 
a 
2 
o 


I 

I 


I 


I 


I 




* 




* 




I 


* 

** 

* 


« 
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TABLE 1. — (Contmued,) 


Variety of tree 


Logan 

Loy 

Lybyer No. 1 (Seedling from Dykes, Mo.).. 
Lybyer No, 2 (Seedling from Dykes, Mo.). .. 

Malinda 

Mamma 

Margaret 

Marsh 

Martin 

Matt Seedling (topworked) 

Maxon’s Early 

Milam 

Minkler 

Mock 

Monsees 

Moore 's Black 

Mother 

Munson .. 

McAfee . 

McMahon White 

Neuer Englishor Pigeon 

Nickajack 

Nixonito _ >.. . 

Nordhaussan 

Northern Spy 

Northwestern Greening 

Ohio Noni)areil 

Oldenburg 

Ontario 

Ozone .... . .. 

Pennock . .... 

Pewaukee 

Pilot ... . . 

Plumb Cider . 

Popoif . 

Porter _ .. - ... 

Powers 

Price Sweet 

Quaker Beauty 

Queen 

Balls 

Rambo 

Red Astrachan 

Red Bello Fleur 

Bed June - 

Beinette Clermontois (topworked) 

Roxbury 

Salome - 

Sandbrook 


Numl)er 

Present 

Number 

Affected 

Type of measles 
exhibited 

Pustular 

type 

Canker 

type 

11 

10 


« 

5 

3 


« 

7 

3 


* 

2 

1 


* 

6 

3 


« 

3 

2 


* 

3 

1 


« 

3 

3 

* 


3 

3 


* 

3 

1 


* 

2 

1 

« 


2 

2 


1 

41 

6 


1 * 

2 

1 


* 

5 

1 


1 * 

2 

1 


1 * 

22 

5 

« 

I * 

2 

2 


i * 

5 

2 


1 * 

2 

1 


* 

1 

1 

i 1 


i * 

6 

3 


I * 

5 

! 1 


I « 

3 i 

1 1 



4 i 

1 


« 

4 j 

1 


* 

2 1 

2 i 


* 

14 : 

4 < 

** j 

* 

1 ! 

1 

1 

« 

17 1 

1 

* i 


2 1 

1 


« 

3 1 

3 



3 i 

2 


* 

1 

1 


« 

2 

1 


# 

2 

2 



2 1 

2 



1 1 

1 



1 i 

1 



2 ! 

2 


# 

9 

5 


« 

9 

1 

* 


16 

5 

* 


1 

1 



11 

1 

* 

* 

2 

1 


* 

1 

1 


* 

4 

1 


« 

2 

2 
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TABLE 1. — (Continued.) 


Variety of tree 


Number 

Present 


San Jacinto . 

Scliroodcr . 

Shannon . 

Shannon Improved 

Sharp's Nonesuch (U. S, 1). A. buds) 

Shirley 

Skelton 

Smith Cider 

Stayinan Wiiiesap 

St. Lawrence 

St. Louis . 

Summer Champion 
Summer Raml)o 

Tanhnki (U. S. I). A. Inids) 

Texas County Seedling (from Texas (hi., Mo.) 
Texas Red ... 

To 1 mail 
Tunnell 
Twenty Ounce 
Utter 

Victuals and Drink 
Wandering Spy . 

Wealthy 

Western Beauty . . 

West Plains Seedling (from West Plains, Mo.) 
Whitney (crab) 

Williams 
Willow 
Wilson June 
Wini’sap 

Winter Paradise . » 

Winter Pearmain 
Wolf River 
Yellow Horse . 

Yellow Newtown 

Yellow T ran s}»a lent 

Yarra Bank (U. S, D. A. buds) . 

Yates 

York Imperial 


4 

1 

2 

12 

1 

0 

36 

0 

58 

2 

8 

^ 21 

1 
1 
2 

62 

2 

34 
2 
2 
2 
2 

0 

n 

1 
6 
6 

35 
279 

31 

64 

12 

2 

6 

3 

6 

34 

1 

6 

338 


Total 


2656 


Number 

Affected 


2 

1 

2 

2 

1 

2 

3 
2 

4 
1 
3 

36 

3 

3 

2 

31 


2 

3 
1 

4 
6 
1 
6 

147 


763 


Typo of measles 
exhibited 


Pustular 

typo 


Canker 

type 


Maiden Blush in Pennsylvania, by Haskell and Wood (10). Witli these 
two changes in mind, the lists given in these two tables sliould i)rove valu- 
able as temporary check lists in future studies of this disease. In general 
it may be said that Gold, Grimes, Oliver, and the majority of the true crab 
apples appear to be very resistant to measles. 
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TABLE 2 . — Varieties of apples in orchards of Missouri State Fruit Experiment Station 


not exhibiting measles. 


Variety of tree 

Number 

Present 


Ada Bed 

10 

Giant Jeniton 

1 

Albermarle 

1 

Gideon 

3 

Alexis (crab) . 

1 

Gloria Mundi 

5 

Anoka apple (crab) 

. . 3 

Gold 

19 

Amur (crab) , . . 

2 

Golden Delicious 

155 

Baldwin 

5 

Golden Queen . 

4 

Banana . ... 

. . . . 5 

Golden Sweet 

1 

Benoni . . . 

. 12 

Golden Winesap .... 

20 

Bietinghcimer 

. 3 

Greenville 

7 

Bismarck .... 

... 2 

Grindstone . 

1 

Black Burgess 

. . 1 

Haas 

2 

Black Oxford . , . 

3 

Henry Clay . .... 

24 

Black Warrior 

3 

Herkimer . 

1 

Bledsoe 

.2 

Higgin Botham (seedling from 


Blood Red . ... 

3 

Olden, Mo.) 

2 

Boiken 

2 

Hopa Red flower Crab . 

1 

Broome .... 

1 

Horn 

5 

Burk . 

1 

Howard Sweet ,. ... 

2 

Capitola . . 

2 

Imperial Rambo . . 

1 

Carolina Greening . . 

1 

Irish Peach 

1 

Carolina Watson . . . 

.. . 1 

Jcfferis 

2 

Carter Blue . 

.... 1 

John Sharp (U. S. D. A. buds No. 


Cathay (crab) 

2 

21722) 

1 

Chance . . 

1 

Kaump .... 

3 

Chicago 

5 

Lady Sweet 

4 

Cliff Seedling (TJ. S. D. A. 

buds) .. 1 

Lilly . . 

25 

Clinton ... 

1 

Limbertwig 

2 

Cooper Market .. . 

3 

Liveland 

K) 

Cornell 

1 

Lougfield 

3 

Danvers 

.. . 1 

Lowell 

7 

Dees No. 2 (seedling from Arkansas) 2 

Lybyer No. 3 (seedling from Dykes, 


De Verike . . 

. 1 

Mo.) . . 

1 

Dolgo (crab) 

. . 3 

Magg’s Se?edling (U. S. D. A. buds) 

1 

Domine 

2 

Maiden Blush 

13 

Duling 

1 

Mammoth Black Twig .... .... 

22 

Eades . .. 

. . 10 

Mammoth Grimes .. 

2 

Early Harvest 

12 

Mangum 

3 

Early Ripe 

1 

Mann 

18 

Estalline . ... 

. 2 

Martha 

2 

Fallawater 

1 

Matthews 

2 

Fall Winesap 

3 

May Pifjpin 

1 

Fanny 

. . 9 

Milwaukee 

3 

Fletcher . .. . 

1 

Montgomery . 

1 

Florence (crab) 

. .. 7 

Missouri (crab) 

2 

Fulton 

5 

Missouri Wild Crab 

3 

General Grant (crab) .. 

1 

Montral Beauty (crab) 

1 
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TABLE 2 — {Continued) 


Variety of tree 

Number 

Present 

Variety of tree 

Number 

Present 

McIntosh 

. 54 

Scott Winter 

. . 3 

Nocalyx Crab . . . 

1 

Shockley 

. . 1 

Odessa (crab) . 

3 

Simmons Red 

3 

Olga (crab) 

1 

Smokehouse 

1 

Oliver 

20 

Sops-of-wine 

5 

Paradise Sweet . 

3 

Soulard (crab) 

3 

Page (crab) 

2 

Springdale . 

3 

Paragon 

47 

Stark 

3 

Patten .. 

4 

Starr 

1 

Payne . . .. 

52 

Steele Red 

1 

Peck . 

1 

Striped Pippin 

1 

Peerless 

25 

Summer Pearmain 

2 

Peter 

.. 3 

Summer Queen 

2 

Pine Stump .. 

2 

Sweet Bough 

8 

Poorhouse . 

2 

Takapuna 

1 

Pound Sweet 

3 

Tippin Sticdling (from G. 

T. Tippin, 

Primate 

2 

Springfield, Mo.) 

6 

Princess Sweet 

1 

Trader 

2 

Pumpkin Sweet 

3 

Transcendent (crab) . . 

26 

Quaker (crab) 

1 

Ulster 

1 

Quince (of Colo) 

3 

University 

3 

Rainsdell Sweet 

3 

U. S. D. A. No. 37508 

1 

Raspberry 

3 

U. S. D. A. No. 37737 

1 

Red Sibeiian (crab) 

0 

U. S. D. A. No. 37840 

1 

Red Tip Crab 

2 

U. S. 1). A. No. 38302 

1 

Reiuette do Besins 

3 

Vandovere 

3 

Renssalaer 

1 

Van Wyck (crab) 

3 

Rhode Island (Greening) 

2 

Virginia (crab) 

25 

Ripen de Loudies 

1 

Wageiier 

4 

Robinson 

2 

Wallace Howard 

1 

Rolfe 

4 

Wall) ridge 

24 

Rome Beauty 

200 

Westchester 

1 

Rome (Illinois Red) 

2 

White Pippin 

2 

Romo (Ohio Dark Red) 

2 

Winterstein 

1 

Rouge de Nieman 

1 

Yellow Bell 

2 

Royal Limbcrtwig 

2 

Yellow Bellflower 

3 

Ruby Pear main 

1 

Yellow Siberian (crab) 

4 

Rutherford 

8 

York Stripe 

3 

Rutledge 

. . 3 


— 

Saratoga 

1 

Total 

1155 

Schoharie 

1 




TEIE CAUSE OF APPI^ MEASLES 

While a number of widely differing opinions have been advanced to 
explain the cause of apple measles, no satisfactory and convincing explana- 
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tion has yet been made and substantiated. Some think bacteria are respon- 
sible for it; others suggest unfavorable soil conditions, while still others 
advance the theory of physiological disturbance. However, there is but 
scanty experimental data supporting any of these theories. 

Hewitt and Truax (12), whose attempts to isolate a fungus or bacterial 
organism resulted negatively, were of the opinion that apple measles is 
wholly a physiological trouble. The only inference of a cause with any 
apparent basis was the possibility that it might be an abnormal lenticel 
development in which the lenticels, when forming, become diverted from 
their normal development in such a fashion that layer after layer of cork 
is formed instead of the ordinary spongy tissue with only occasional corky 
layers. They regard this inference as supported by the apparent relation 
between the relative number of lenticels and pustules, the number of 
lenticels appearing to decrease as the number of pustules increases. As a 
basis for this relation they present the counts of the lenticels and i)ustules 
on one-foot lengths of 45 branches ranging from to % inch in diameter 
and representing relatively mild cases of the isolated pustular type of 
measles on four varieties, namely Ben Davis, Gano, Givens, and Jonathan. 

Eose’s paper (16), in which the rough-bark or scurfy -bark type of 
measles is described in detail and in which evidence is presented that this 
disease is caused by one or two forms of bacteria which appeared to be the 
same as the one causing a blister-spot on the fruit of certain varieties of 
apples, seems to have been overlooked by most workers on apple measles. 
He isolated from various parts of the roughened bark a bacterial organism, 
very similar morphologically to the blister-spot organism but wliich upon 
further study appeared to consist of two different organisms or possibly of 
two closely related but distinct varieties. One of them, represented by five 
strains, showed great similarity in morphological and cultural character- 
istics to the blister-spot organism; the other, represented by 15 strains, 
resembled the blister-spot morphologically but differed from it in cultural 
characteristics. Inoculation of bark with tlie latter organism or variety of 
organism, which liquefied gelatine rapidly, X)roduced swollen spots 1 to 2 
mm. high and covering an area of roughly 1 sq. cm. At these swellings the 
typical signs of the disease were reproduced, in miniature, and an organism 
was recovered which agreed in cultural and morphological characteristics 
with the one used for inoculation. Typical blister spots on the fruit were 
produced by inoculating Jonathan and Early Melon apples with both bark 
organisms and these in turn were recovered from the lesions produced. 
Rose concludes that the cultural characteristics of the blister-spot organism 
and the two bark organisms suggest that the differences between them are 
differences of degree rather than of kind and that all three are possibly 
merely varieties of one species,. He believes that more work is necessary, 
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however, before the true relationship between the fruit disease and the bark 
disease can be established. 

Adams (1), whose material was associated with trees growing in damp 
ground or under poor drainage conditions, contrasts the theory of Hewitt and 
Truax (12) with that advanced by Sorauer (17) to explain the tan disease, 
and suggests that the conditions favoring these diseases may be tlic same 
but that the symptoms manifested may depend upon the parts affected. 

According to Haskell and Wood (10), Leoniaii in New Mexico attributed 
the disease to an excess of nitrates in the soil, while Coons in Michigan 
believed it to be due to insect injury to young twigs. They suggest, how- 
ever, that what is being called measles in various states may be a trouble 
resulting from various causes. Leonian is quoted by Hutchins and Haskell 
(13) as stating that the spots in which affected trees grow enlarge from 
year to year, forming circular areas where only a few plants can grow and 
the trees invariably become mcasled. It is stated that soil from these spots, 
upon analysis, showed the presence of nitrates and carbonates in such large 
amounts as to be })ositively injurious to the growing things. Essentially the 
same account of measles is given in the 30tli Annual Report of the New 
Mexico Agricultural Experiment Station (4), in which it is stated that 
samples from these spots showed their nitrate content to be as high as two 
thousand parts in the million and that this large amount of nitrates was 
believed to be the cause of measles. 

In the later reports of the New Mexico Agricultural Experiment Station 
(6, 7) it is stated that experiments in the laboratory to culture and isolate 
an organism that might be responsible for apple measles have given negative 
results. In the latest report of this station (7) it is stated that field work, 
including inoculations of various types into healthy tissue and various types 
of grafting, have all failed to show characteristic behavior of parasitic 
organisms. It is furtlier stated that considerable difficulty has been encoun- 
tered when trying to use measled wood as stocks, as this wood seems to have 
but little vitality. 

The writer likewise has attempted to isolate a causal organism from the 
pustular and scurfy types of measled apple bark. For this work he was 
fortunate in having the assistance of Miss Beatrice White, who previously 
assisted Dr. Rose in his work (15, 16) at this station. In some cases no 
organism was secured; in others mixed cultures of bacteria were secured, 
which were separated in poured plate cultures with the hope that the form 
or forms described by Rose (16) might be found. In this, however, the 
writer was disappointed, and before other attempts could be made it became 
necessary to abandon the work. In fact the writer was even unable to 
find in the orchards the blister spot disease of apples described by Rose. 
Examination of numerous sectional preparations of carefully imbedded 
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material stained in various ways never revealed any mycelium or bacteria 
within the cells. 

The writer has not had the opportunity to conduct a series of experi- 
ments designed to determine whether or not measles can be transmitted by 
grafting. However, a large number of apple grafts made at this station 
during the winter of 1922-23 were inspected with the hope of hnding some 
of especially susceptible varieties in which the scions might have been taken 
from measled branches. In this the writer was fortunate for he found two 
young trees of Summer Champion and five of Beach, the scions for all hav- 
ing been cut from densely measled branches. In one of the Summer Cham- 
pion trees the bark at the base of the new growth was distinctly measled but 
no evidence of measles w^as noted on any of the other trees. Even this single 
case of the new growth being afPected, however, does not necessarily prove 
that the disease is transmissible for it may have arisen on the new growth 
from the same cause that induced its development on the trees from whi(*h 
the scions were taken. 

The investigations of the writer do not indicate that a])ple measles is 
caused by an excessive amount of nitrates in the soil, nor by excessively wet 
or poorly drained soils. This disease occurs in all the apple orchards of the 
Missouri State Fruit Experiment Station, including botli young and old. 
It occurs on the well-drained sites as well as on the poorly drained ones, and 
in both orchards maintained in sod and in clean cultivation. It likewise 
occurs more or less throughout the apple orchards of the state. 

While the writer has observed no relation between the drainage of the 
soil, the application of fertilizers, tillage and cover crojxs, or the method of 
pruning and the prevalence of apple measles, it has been noted tliat certain 
varieties of apple trees are peculiarly subject to the disease while others 
growing under the same conditions appear to be more or less immune to it. 
The disease known as apple measles has not been reported on any other 
tree and apparently is peculiar to the apple. 

While apple measles clearly is a reaction of the bark to internal disturb- 
ances of the equilibrium, it still remains to be demonstrated whether this 
trouble is caused by some fungous or bacterial organism or by some purely 
physiological derangement of the normal processes of growth and povssibly 
also of nutrition. That this trouble is not caused by a fungus appears to be 
reasonably certain. The possible role of bacteria as a causal agent appears 
to be in doubt, the work of Rose being contradictory to that of all others 
who have investigated this disease. The writer is inclined to regard the 
trouble as a physiological one. 

RELATION OF MEASLES TO THE HEALTH OP THE TREE 

The statements in regard to the relation of measles to the health of the 
tree are also quite contradictory in the different localities from which the 
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disease has been reported. Hewitt and Truax (12) state that, while but 
few cases had been found wliere it could be stated with reasonable certainty 
that the disease had killed the tree, in nearly all cases the vitality of the tree 
had been noticeably impaired and in many cases limbs had died apparently 
as the result of this trouble alone. 

The following statements by Rose (15) are of interest in this connection: 

The disease docs not work as rapidly as Illinois canker on apple or blight on pear 
Vnit it does seem, in time, to kill out susceptible varieties. All of the White Winter Pear- 
main trees in the Station orchard were killed about ten years ago under conditions which 
indicated pimple canker as the only cause of their death. At present all trees of the 
Beach variety — Apple of Commerce — are affected. They do not seem to be particularly 
unhealthy so far as fruit and foliage are concerned but others of tliis variety have died 
after several years of attack by the disease. Many other varieties are affected but none 
of them to any great extent- 

ill his later paper dealing witli the scurfy-bark type of apple measles, 
Rose (16) says: 

Affected trees are not quickly killetl as in the case of Illinois canker ... but there 
is no doubt that the peeling off of fresh layers of bark every spring is definitely injurious 
to the tree, aside from tlie opportunity given for entrance of canker fungi and various 
bark insects. 


llutcliiiis and Haskell (13) quote Leoiiiaii as reporting from New Mexico 
that trees affected by measles remain stunted for years and eventually die; 
also that spots in wliicli affected trees grow enlarge from year to year, form- 
ing circular areas whore only a few plants can grow and the trees invariably 
become measled. E.ssentially the same account is given in the 30tli Annual 
Report of the New Mexico Agricultural Plxperiment Station (4). In the 
32nd Annual Report of this Station (5) it is stated that the affected trees 
remain dw^arfed and that the fruit which they bear is small in size and 
inferior in quality. It is stated further liere tliat affected trees may linger 
for years until they die, but that when once seriously affected they cease to 
liave any commercial value. In a later account of apple measles in New 
Mexico, Archer (8) makes the following statements in regard to the relation 
of this disease to the health of t}}e tree: 

There is yet no absolute proof that the * * Measles ^ ' actually kills trees. It is certain 
that the disease does weaken them so that other pests can attack and kill them. Badly 
affected trees do not thrive well. Their growth is much reduced, so that they remain 
dwarfed. Such trees bear but little fruit and this of inferior quality. Seriously affected 
trees may linger along for years but at their best they arc of little or no value. 

The writer’s observations, which w^ere based upon a large number of 
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ajffeeted trees and varieties, do not indicate that the disease known as 
measles is responsible for more or less of a rapid decline of the tree as a 
rule. There does not appear to be any indication of either the dying or the 
decline of any of the 19 Beach or of the 2 Winter Pearmain trees remaining 
in the station orchards, although these varieties have long been severely 
affected and a serious loss of them about 1904 was attributed to measles by 
Rose (15). Many other varieties, such as tlie Blue Pearmain, King David, 
Oldenburg, Bed Astraehan, Summer Champion, Texas Bed, and one un- 
known variety bought for Oldenburg, also have exhibited a heavily measled 
appearance for several years, the bark of practically all the branches and 
twigs being more or less densely pustular, and yet these tree^ show no indi- 
cation of dying, dwarfing, unproductiveness, or even of diminished vigor. 
In the great majority of the varieties herein recorded as being affected by 
measles, especially in the majority of tliose listed as having from one to 
several rough-bark or canker formations, it is clearly evident that the disease 
is of practically no consequence is so far as the health of the tree is con- 
cerned and that the affected trees ultimately outgrow the disease in 
many cases. 

It is not denied, however, that especially susceptible varieties of trees 
may not be killed by measles. In the case of the two Munson trees and one 
each of the Lybycr No. 1 and Texas County seedling trees in the station's 
West Variety Orchard some of the severely affected branches were dying 
apparently as a result of measles. The sickly condition of a Colton tree 
set in 1920 in the Summer Orchard is likewise believed to be due to measles. 
Of the many measled trees observed by the writer, however, these are the 
only cases wdiere any dying of the tree or part of the tree was believed to 
be due to measles, and in some instances attacks by wxakly parasitic fungi 
appeared to be a factor in their decline. 

On the other hand, many young and vigorously growing trees appear to 
be able to overcome the trouble, for several Ingrain, Mother and York Im- 
perial trees set in 1918 clearly were heavily measled on the trunk at an early 
age and yet appeared to have largely outgrown the trouble without any 
special treatment. It is believed that any metliod of orchard management 
that will promote a good, vigorous growth of the trees will prove valuable in 
controlling apple measles. 


SUMMARY 

This T)aper discusses an obscure bark disease of apple trees, which has 
been variously termed measles, pimple canker, rough- or scurfy-bark canker, 
and pimple cancer. This disease was reported and described originally in 
1912 from Arkansas, where it was observed first in 1908. In 1914 it was 
reported from Missouri, where it is claimed to have been known since about 



1924] 


Rhoads: Apple measles 


311 


1904. Since these reports apple measles, which is gradually attracting an 
increasing amount of attention, has been reported from Michigan, Ohio, 
Pennsylvania, Maryland, West Virginia, Virginia, South Carolina, Ala- 
bama, Illinois, Kansas, Colorado, Texas, and New Mexico. 

The literature on apple measles, which has been brought together for the 
first time, has been reviewed and discussed, and descriptions are given of 
both the macroscopic and microscopic characters of the disease. In addition 
the results of the writer's observations on the comparative susceptibility 
and resistance of apple varieties to measles in Missouri, the relation of this 
disease to the health of the tree and its cause are given. 

A total of 3811 trees of known varieties and named seedlings was used 
as a numerical basis for this study. In addition to these trees many trees 
of unknown variety and several hundred seedling trees, mostly of Ben 
Davis-Jonathan crosses, were examined. Of a total of 347 known varieties 
and named seedlings of apple trees in the orchards of the Missouri State 
Fruit Exi)eriment Station, including the youngest as well as the older trees, 
177, or 51 per cent, exhibited measles to a greater or less degree, but mostly 
of the canker type. Of the 2656 trees comprising the known varieties 
exhibiting measles 763, or 28 x>er cent, were affected. 

Tliere are marked differences in the suceptibility and resistance of dif- 
ferent varieties of apples to measles, certain ones being conspicuously sus- 
ceptible while others are equally resistant under the same conditions of soil 
and management. Many of the susceptible varieties become affected hy 
measles in a manner and extent more or less peculiar to the variety. Some 
varieties, however, like the York Imperial, may exhibit a number of differ- 
ent forms of the disease. Only a comparatively few varieties appear to be 
markedly susceptible to measles. Among these may be mentioned Beach, 
Blue Pearmain, King David, Oldenburg, Red Astrachan, Summer Cham- 
pion, Texas Red, Winter Pearmain, and certain unknown varieties for the 
scurfy type of the disease, and Heiges, Logan, Munson, and Whitney (crab) 
for the canker tyi)e of the disease. Young York Imperial trees are like- 
wise very susceptible to measles, although the older ones exhibit it less fre- 
quently. Of other well known varieties Jonathan appears to be much less 
susceptible than the York Imperial, and Ingram still less so, while Ben 
Davis appears to be only slightly susceptible. Among the varieties that 
appear quite resistant may be mentioned Gold, Grimes, Oliver, and the true 
crab apples in general. 

The several explanations that have been advanced to explain the cause 
of apple measles in a number of the states from which it has been reported 
are diverse and contradictory. In Missouri the writer has found no relation 
between drainage of the soil, the application of fertilizers, tillage and cover 
crops, or the method of pruning and the prevalence of apple measles. While 
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this disease clearly is a reaction of the bark to internal disturbances of the 
equilibrium, the causal agent is still in doubt. The trouble does not appear 
to be caused by any organism, either fungous or bacterial, but appears to 
be purely a physiological one. 

The statements that have been made in regard to the relation of apple 
measles to the health of the tree are also quite contradictory in the differ- 
ent localities from which the disease has been rei)orted. The writer’s obser- 
vations of the disease in Missouri do not indicate that it is responsible for 
more or less of a rapid decline of the tree as a rule. He has observed numer- 
ous trees of several varieties which have exhibited a heavily moasled appear- 
ance for several years and yet show no indication of dying, dwarfing and 
unproductiveness, or even of diminished vigor, as has been reported for 
trees affected with measles in some localities. Only in a very few cases 
observed by the writer has a sickly condition of the tree or the dying of the 
branches been attributed to measles. In the orchards studied by the writer, 
measles, as a general rule, do not appear to be of any great consefiuence in 
so far as the health of the tree is concerned. Many young and vigorous trees 
ultimately outgrow^ the trouble without any special treatment. 

Missouri State Fruit Experiment Station, 

Mountain Grove, Mo. 
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EXPLANATION OF PLATES* 

Plate XVIT 

A. — Measled Viranches of Beach apple tree» showing the finely pustular condition of 
the bark characteristic of this and certain other varieties when affected by this disease. 
The disease has its inception as small pustular patches which commonly, although by no 
means always, start at the nodes. Natural size. 

B. — Pustular type of measles on branch of Family apple tree with unusually large 
pustules, Natural size. 

C. — ^Portion of measle canker on branch of White Transparent (dwarf) apple tree, 
showing pimply margin of the roughened .scaly bark area. Natural size, (After Rose.) 

Plate XVII T 

A. — Ibistular type of measles on twigs of York Imperial apple tree set in 1919, show- 
ing unusually large pustiile.s varying in occurrence from sparse to dense. X 2. 

B. — Transverse section through ruptured measle pustule on one of the twigs illus- 
trated in A, showing the formation of a cork layer beneath the tissues of the pus- 
tule. X ^0- 

Plate XIX 

Two measle cankers that occurred on the same branch of a Jonathan apple tree. 
The younger canker at the left shows an irregularly thickened, densely pustular condition 
of the bark, which is just beginning to scale off. On the older canker at the right, the 
distal ends of which are not shown, evidence of the irregularly thickened densely pustular 
outer bark can still be seen, although most of it has become loosened and broken up into 
pieces of various sizes, which are beginning to be exfoliated. Natural size. 

Plate XX 

A. — Transverse section through measle pustule on one of the York Imperial twdgs 
illustrated in Plato II, A, showing the formation of a cork layer beneath the tissues of 
the pustule. X 105. 

*A11 photographs, with the exception of Plate I, C, are by the waiter. 
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B. — Transverse section through half of a large corky pustule on the branch of the 
Pamily apple tree illustrated in Plate I, B, showing the many corky layers developed 
beneath the original pustule. X 80. 

C. — Transverse section through pustular bark of canker on branch of J onathan apple 
tree apiiearing at left in Plate XIX, showing the inclusion of old measle pustules in the 
outer bark and their demarcation from the surrounding cortex by cork layers. X 83. 

Plate XXI 

A severely measled Esopus (Spitzenburg) tree set in 1913. The bark of the trunk 
and basal portions of the scaffold limbs was densely and conspicuously pustular, but the 
outer measled bark of the trunk and one of the scaffolds has begun to exfoliate in 
deep scales. 
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WHITE ROT OP ALLIUM IN EUROPE AND AMERICA 

J. C. Walker 
With Plate XXII 

lNTROI>r(^Tl()N 

The white rot {Hchrotiuni cepworum Berk.) of onion and certain of 
its allies has been known in Europe since it was first described by Berkeley 
(1) in 1841. Its .serious destructiveness to garlic in northern Italy was 
related by Vo^lino (8) in 1902, while its common occurrence in the British 
Isles was noted by Cotton and Owen (3) in 1920. A recent account by 
Caballero (2) describes it as of consequence u]>on the garlic crop in north- 
eastern Spain. The first authentic report of this disease in America M’as 
from Oregon in 1918 and a second report came from Virginia in 1923. 
The fact that it has become established on our continent and that other 
infested areas will undoubtedly be located in the future makes it of special 
present interest to American phytopathologists. 

DKS(^HlPTION AKD HOST RANGE 

White rot is known to alfect onion {All him cepa), Welsh onion {Allium 
fislulosum), leek (Allium porrum), garlic {Allium sativum), and shallot 
{Allium ascalouicnm). It may attack the plant at any time during the 
growing i)eriod, provided external conditions are favorable; moreover, it 
is not uncommon for it to continue as a bulb rot following harvest. The 
fii'st sign of the disease upon the growing plant appears as yellowing and 
dying back of the tissue, beginning at the tips of the leaves and progressing 
downward. The rate of this advance Agarics with the rapidity of the fungus 
attack, which in turn depends upon environment. A gradual decline of 
the plant may thus continue for some days or Aveeks, or in the case of young 
plants it may constitute a rapid wdlt and colla})se of aerial parts. 

Uoincident with ihv early symptoms of the disease above ground, further 
evidence is noted if the subterranean i)arts of the plant are examined. The 
fungus attacks both roots and bases of scales and is itself usually con- 
spicuous by an abundance of superficial, white, fluffy mycelium. The roots 
are gradually destroyed and the fungus causes a semi-Avatery decay of the 
scales not unlike that caused by Scleroiinia libertwna on other vegetables. 
Rather early in the development, minute, black sclerotia are formed (8ee 
])late XXIl,A). These are uniformly spherical, hard, and not over a half 
millimeter in diameter. They form either on the surface of or are imbedded 
within the decaying tissue. In any ease they become readily detached as 
the decay progresses. In extreme cases the entire subterranean portion of 
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the plant may be almost completely destroyed, and the plant then offers 
no resistance to being piilled. 

In case of late infection, the fungus also almost invariably invades at 
the base of the bulb and nearly full-grown bulbs may thus show early 
stages of the disease (See plate XXII, B). If such bulbs go into storage or 
transit, the decay continues. 

The manner of attack and symptoms as described apply in general to 
all species affected; namely, to onion, garlic, leek, and shallot. No ex- 
haustive study of the comparative resistance of species and strains has been 
made. Cotton and Owen (3) cite shallot and leek as more resistant than 
onion. 


COMPARISON WITH CERTAIN OTHER DISEASES OF ONION 

White rot has perhaps been most commonly confused with the Botrytis 
rots which affect onion bulbs following harvest. While the type of decay 
is somewhat similar, there are several easily distinguishable points of dif- 
ference. The sclerotia of white rot, which are so abundant and constant 
except in the very early stages, are less than one millimeter in diameter 
and thus much smaller than those of any of the three forms of Botrytis 
which occur on onion. The latter most commonly invaile through the neck 
of the bulb, while white rot almost invariably enters at the base. White 
rot usually makes its greatest advance before harvest, while the Botrytis 
neck rots rarely occur until after harvest. 

A decay of garlic bulbs from Italy was noted by Mr. E. D. Eddy in 
New York City in 1919. From diseased specimens he isolated a species of 
yellow-spored Aspergillus. The latter has been referred to Dr. Fharles 
Thom, IT. 8. Bureau of Chemistry, who is at present studying the grouj). 
Since he has not as yet i)ublished a description, it will be temporarily 
referred to by his number, Aspergillus sp. 4G60. Inoculations by the 
writer show^ed this form to be an aggressive parasite of mature bulbs of 
both onion and garlic. It might be confused with white rot, inasmuch as 
the fungus forms sclerotia abundantly in pure culture and in decaying 
bulb tissue. They are to be distinguished from those of Sclerotium 
cepivorum, however, by the fact that they are somewhat lighter in color 
and average about double the size. Accompanying the X)roduction of 
sclerotia by Aspergillus sp. 4660, there is also commonly formed on the 
decaying tissue a yellow mold which consists of the conidia and conidio- 
phores of the fungus. 

Fusarium bulb-rot, which most commonly starts at the base of the bulb 
after mid-season, might be confused with the early stages of white rot, 
especially in its aerial symptoms. The greater abundance of superficial 
white mycelium on decayed tissue and the early appearance of sclerotia 
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are again the chief distinguiHhing characters of white rot. There is prob- 
ably no likelihood of confusion by pathologists between white rot and other 
common diseases of the onion bulb. The aerial symptoms might at times 
be mistaken for those of mildew, but this should not prove troublesome 
because of the early appearance of diagnostic characters on the subter- 
ranean ])arts of the host plant. 

THE (‘AUSAL ORGANISM 

The organism w>is described originally by Berkeley (1) as a sterile 
fungus and named Sclerotium cepivorum, Voglino (8) studied the organ- 
ism in detail and describes the production of sporodochia of hyaline conidio- 
phores 40 to 50 4 in length, upon which are borne spherical, hyaline, 
catenulatc conidia 3 to 4.5 ja in diameter. On the basis of his description 
he renamed the fungus ^phacelia allii. Later workers have not confirmed 
the description of the conidial form by Voglino, and though Cotton and 
Owen (3) noted the production of microspores, they never succeeded in 
bringing about their germination. The fungus exhibits several points of 
resemblance to Sclerotinia and further morphological study may lead to 
the discovery of a perfect stage or functional conidia. 

It would appear, however, that in nature the fungus overwinters in 
the form of sclerotia. The sclerotia germinate readily under proper con- 
ditions of moi.sture and tem])erature, and the hyaline, branched mycelium 
grows rapidly as a saprophyte. It probably may live for long periods on 
ilead refuse in the absence of the host. It is known to remain viable for 
several years in the soil without the presence of host jdants. 

Strains of the fungus Mere collected by the writer in 1922 from the 
British Isles, Holland, France, Spain, and Teneriffe. These all appear to 
resemble one another in general character but they are still being studied 
comparatively as to morphological and physiological details. Part of this 
study is being taken uj) by Prof. Whetzel, and since the results wdll be 
publislu*d at a later date, further discussion of the causal organism M’ill 
be deferred. 


DJSTKIBT TION AND IMPORTAN('K IN EUROE^E 

Previous re])orts of occurrence in England (1, 3), Italy (8), and Spain 
(2) have b(*en cited. These wore supplemented by a personal survey by 
the writer in a number of onion and garlic growing regions of Europe in 
1922. In England the disease has been carefully surveyed by Cotton and 
OM"en (3). They report its wide occurrence throughout the British Isles 
and regard it as of considerable economic significance. The disease appears 
in May or earlier on the spring-soMm onion crop and is most destructive 
during June and early July. Pe^v new infections occur during August and 
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most of the early infected plants have died by this time. In axitnmn onions 
are commonly sown in England for the spring bunching trade. Certain 
of these plantings were found by the writer to be severely affected with 
white rot in September, Leek also suffers from the disease during the 
cooler months. Growers in England have in large measure learned to 
avoid infested areas and the long persistence of the fungus in the soil is 
generally recognized. 

In Holland the disease exists in the onion-growing sections in the 
islands of Zealand, but apparently not to so destructive a degree as in 
England. It is probable that judicious rotation in this intensive truck 
growing region has served to hold the disease in check. The disease is 
known in France (4) and no doubt at times is quite destructive. It was 
collected by the WTiter on both onion and leek in Brittany in June, but 
apparently^was not a serious factor in the onion-growing section of that 
province. Sorauer (7) describes from Germany a disease caused by 
i^clerotium ccpivoruni, but from his discussion it seems more likely that he 
was referring to one of the Botrytis rots of the onion bulb. 

In northern Italy, the disease is still one of consequence to the garlic 
crop, which is started in late fall or early wdnter. It is described by Voglino 
(8) as especially destructive in cool, wet, spring weather, and my observa- 
tion at Turin in the latter part of May showed the disease in advanced 
stages. No report from central or southern Italy has been noted by the 
writer. In Spain garlic is started during the winter months and matures 
in mid-summer. It is grown commercially usually in the foothill regions, 
rather than at sea level. Intensive onion production is carried on in the 
much warmer coastal plains in the vicinity of Valencia and La Goriiua. 
The onion seed is sown in beds from August to January and the seedlings 
are transplanted from February to April. The early croj) matures in 
eluly, and the later and larger of the two crops, in August. White rot has 
been known as a destructive disease of garlic in the province of Cataluha, 
especially in the intensive section surrounding the small towm of Baholas, 
for twenty or more years. Personal observation in this section show’ed 
nearly every field to be more or less affected and in many fields in roughly 
circular areas one to several rods in diameter were found in which most 
or all the plants had been killed by May 15. The organism seems to be 
most destructive here, as in other cases noted, in the moderately cool part 
of the growing season. Search in both of the onion sections — Valencia and 
La Coruna — failed to reveal any evidence of white rot. It is either entirely 
absent or of minor importance in these sections. It is an interesting ques- 
tion as to whether these are cases of chance escape or w^hether the soil or 
environment are such as to prevent the establishment of the fungus as a 
destructive parasite. 
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The Canary Islandn were visited in late June, just as the onion crop 
was being harvested. An occasional bulb was found decayed by Sclerotium 
cepivorum, indicating that early in the season it may have been even 
more destructive. 

White rot may thus be considered a disease of widespread occurrence 
throughout western Europe. Under certain conditions it becomes a very 
destructive malady and one that may be looked upon with considerable 
concern by American onion growers. One is led to suspect that its intro- 
duction into any one of our intensive onion-growing sections, where con- 
tinuous cropping with onions is so often the rule, would lead to its estab- 
lishment as a destructive disease, provided environing conditions were 
favorable. From general observations in Europe it would appear to thrive 
best at moderately cool temperatures and with moderate soil moisture. 


OCCURRENCE IN AMERICA 


•% 


The references to Sclerofiiim cep Ivor um ojif^bnions in Ohio which were 
made by Selby (6) and by Humbert (5) aj^un doubt edly erroneous, since 
it is quite obvious from their dcscriptioj^that they were dealing with one 
or more of the species of Hotrytis wb^h cause the neck-rot disease. The 
first authentic collection of the disease in America of which we have record 
was made in June, 1918, near La Orange, Oregon, by (\)unty Agent P. H. 
Sjiillman. The fungus was found on both garlic and multiplier onion. 
Specimens were sent first to Prof, 11. P. Barss, at Corvallis, Oregon, who 
in turn forwarded them to Prof. 11. H. Whetzel, at Cornell University, 
Itliaca, N. Y. The latter isolated the organism and diagnosed it as Sclero- 
Hum cepivorumy but made no published report. Within the past year this 
collection and culture have been compared by the writer writh material 
obtained at various points in Europe and the identity of the American 
collection has been confirmed. No recurrence of the disease in Oregon had 
been reported up to 1923. In March, 1923, diseased specimens of multi- 
I)lier onion w’^ere sent to the writer from a farm near Norfolk, Va., by 
Prof. Herbert Spencer. These were also found to be attacked by Sclerofium 
cepivoruni. In the late autumn of 1923, Mr. R. J. Davis, Pathologist at 
the Norfolk Station, reported that on the same farm four acres of multi- 
plier onions -were severely damaged by the disease. 

Our soil temperature and soil moisture studies (9), which will be 
reported in detail in another paper, indicate that the disease is most de- 
structive at an average temperature of 15° to 18° C. and at medium soil 
moisture. The conditions under which our winter crops of shallot and 
onion are grown in the southern states would appear to be very favorable 
for the disease and simulate in a general way the conditions under which 
it is most destructive in Europe. The recurrence of the disease at Norfolk 
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in even more destructive form the second season supports this assumption. 
The existence of a favorable environment in the northern onion sections is 
not so certain. Except in the early part of the growing season the average 
soil temperature is probably somewhat higher than the optimum for the 
disease. We, of course, have yet to learn the effects of our northern winters 
upon the parasite. 

MODES OF FITRTHEE INTRODUCTION AND DISSEMINATION 

Enough has been said regarding the disease to imply that the principal 
means of wide dissemination of the fungus is the transportation of infected 
bulbs or plants, or by containers of the same. It is not likely that affected 
bulbs ever produce seed and there is still less probability that seed, except 
under unusual circumstances, becomes contaminated and thus constitutes 
a channtl of distribution. We may therefore look to the trade practices 
which involve the transport of bulbs and seedlings as the chief means of 
introduction into new localities.. 

There are imported each year into the United States a million bushels 
or more of onion bulbs for food purposes from various countries in Europe 
and Africa. While the largest portion of this quantity comes from the 
Valencian district of Spain, which appears to be free from white rot, 
imports are commonly made during years of crop shortage from Holland, 
Belgium, Prance, Roumania, Italy, and Egypt. It is likely that some of 
such shipments come from infested areas and may carry more or less of 
the white-rot fungus. However, the probability of introduction and e.stab- 
lishment of the parasite in our soils by this means is comparatively remote. 
Should bulbs of Allium be introduced for propagative purposes, the 
probability would be much greater, but such practice is subject to the 
provisions of the Plant Quarantine Act. 

The quarantine against garlic bulbs for propagative purposes is not 
so easily applied, however. Several million i)ounds of garlic are annually 
imported to the United States from southern Europe, and undoubtedly 
some of them come from areas infested by Sclerotium cepivorum. Though 
they are ostensibly all imported for food purposes, there is nothing to pre- 
vent some of the bulbs being used for propagative purposes. This channel 
is, therefore, undoubtedly the one by which introduction of the disease into 
our soils from abroad is most likely. 

Once established in a few localities in America the danger of rapid 
spread, as a result of practices of extensive distribution of seedlings and 
bottom sets of onion, is imminent. If conditions prove favorable for its 
development in one or more of our intensive bottom-set-growing sections, 
it is obvious that widespread distribution will soon follow. The rapidly 
increasing traffic in southern-grown onion seedlings for both southern and 
northern market gardens is an equally important channel. 
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SUMMARY 

1. White rot is a disease of onion and related plants which is very 
destructive in certain parts of Europe. Its recent appearance in America 
is therefore of special interest to phytopathologists. 

2. The disease is known to affect common onion, Welsh onion, leek, 
shallot, and garlic. The symptoms are described and compared with those 
diseases with which it is liable to be confused. 

3. The causal organism (Sclerotium cepivorum) overwinters and per- 
sists indefinitely in the soil under European conditions. The fungus is 
sterile except for the production of microspores, germination of which has 
never been observed. 

4. White rot is more or less common throughout western Europe; it is 
often seriously destructive to onion and leek in the British Isles and to 
garlic in Spain and Italy. 

5. Two authentic rei)orts of its occurrence in America have been re- 
corded. It was noted on multijfiier onion and on garlic in northeastern 
Oregon in 1918, but no recurrence has been observed in that locality. It 
was found on multiplier onion near Norfolk, Virginia, in March, 1923, and 
recurred in much larger i)roportion in the autumn of the same year. 

6. Observation in Europe and laboratory experiments by the writer 
indicate the disease to be most destructive in a moderately cool soil (15° 
to 18° C.), having a medium moisture content. The conditions which pre- 
vail for the winter crop of onion, garlic, and shallot in our southern states 
seem to be most favorable for the dis(‘ase. It remains to be determined 
whether the conditions under which our northern onion crop is grown 
offer a favorable environment. 

7- The chief mode of widespread dissemination is on diseased bulbs or 
seedlings. Further introduction of the parasite into American soils is 
most likely by way of garlic bulbs imported for food purposes but occa- 
sionally diverted to use in i)ropagation. With the large traffic in bottom- 
sets and seedlings of onion in this country there is great danger of wide- 
spread and rapid dissemination from original centers of infection. 

Offu^e of (k)TTON, Trttok and Forage C1rop Disease Investigations, 
Bureau of Plant Industry, 

Washington, D. C. 
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DE8CRIPTION OP PLATE XXII 

Plate XXII, A. White Portugal onions produced from sets which were planted in 
soil thoroughly infested with Sclerotiuni cepivorum. Note that the fungus has completely 
destroyed the roots and is invading the scales. The disease has passed the (^arly stage 
wherein the Huffy, white superficial mycelium of the fungus is so pronounced, but abun- 
dant spherical, hard, black sclcrotia have formed characteristically on the decayed tissue. 
Bee further description of the disease in the text. (Enlarged X 2.) 

B. Small white pickle^’ onions affected with Scleroliim crpivorum. Specimens 
collected in market at Paris, France, in August, 1922. In this instaiu^.e the plants were 
evidently attacked late in the growing season since the bulbs seemingly formed normally 
and the infection is confined to the outer scales. The disease is here assuming the role 
of a storage decay. 



SCLEROTIUM OEPIVORTTM 





SCLEROTINIA INTERMEDIA N. SP. A CAUSE OF DECAY 
OP SALSIFY AND CARROTS 

G. B. Eamseyi 

With Plate XXlll and Six PiauREs in the Text 

For the past four years the writer has been making a study of the 
transit and market diseases of vegetables on the Chicafijo market, with 
special reference to the decay caused by Sclerotinia species. During this 
time, a large number of cultures have been collected and studied, the results 
of which will be given in a subsequen'f paper. At the present time, atten- 
tion is to be called to one strain which has been under observation since 
April 10, 1920, and which has characteristics that distinguish it from all 
other Sclerotinia species obtainable. 

The original culture of this fungus was isolated from the roots of salsify 
{Tragopogon porrifolius L.). Decaying roots were found with a fine, 
rather appressed cottony mycelium covering slightly sunken, watery lesions 
which sliowed a pinkish discoloration around the border. Macroscopic ob- 
servations indicated that this fungus belonged to the genus Sclerotinia, 
but it was not until the sclerotia began to form that obvious differences 
appeared which seemed to characterize it as distinct from other species 
isolated. 

This fungus w^as again isolated from the roots of carrot in February, 
1921, but since that date has not been found. Up to the present time over 
two thousand isolations of fungi from market produce have been made 
in the Market Pathology laboratory, and almost three hundred of these 
have been of the genus Sclerotinia. Judging from these data, it seems 
fair to conclude that the Sclerotinia sp. mentioned above is, so far, of minor 
importance or that it comes from more or less localized districts which do 
not ship much produce to the Chicago market. 

Since 1920 this fungus has been carried in culture and compared with 
the cultural characteristics of all the Sclerotinia strains that could be found 
upon the market and all strains that could be obtained from fellow workers 
located at the various experiment stations and agricultural Colleges. 

Sclerotinia cultures have been obtained from practically all important 

1 Contribution from the Beseareh Laboratory on Market Discase.s of Vegetables and 
Fruits; United States Department of Agriculture, Bureau of Plant Industry, and the 
Botany Department, University of Chicago cooperating. 

The writer wishes to express his thanks to Prof. H. H. Whetzel, of Cornell Univer- 
sity, and Prof. Frank Dickson, of the University of British Columbia, for comparing this 
strain with the cultures of the genus Sclerotinia in their respective laboratories, and for 
helpful criticism in the preparation of this paper. 
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truck and market garden districts of the United States and the host range 
includes all of the economic vegetables that are subject to decay by Sclero- 
tinia spp. No cultures have ever been found identical with the strain under 
consideration, and no description in the literature is applicable to this 
fungus. In view of the facts above mentioned, it seemed advisable to de- 
scribe this fungus as a new species. Accordingly, the writer offers the fol- 
lowing name and description. 



T* ig. 1. tJnexpanded apothocia of S. intermedia as thoy appear when first coiuiiig 
through the sand in pot cultures. Fig. 2. Cltister of apothecia arising from sclcrotia 
grown on corn meal moistened with prune juice in flask culture. Fig. 3. Stages in the 
development and expansion of the apothecia. 

Sclerotinia intermedia n.sp. Apothecia funnel-shaped to discoid, one 
to several from a single sclerotium ranging from 2.5 to 6 mm, diameter, 
average 3.5 mm. ; 7 to 12 mm. high, average 9 mm. Stipe cylindrical, 1 to 
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1.25 mm. diameter, attenuated downward. Disc tawny-olive^ at first, 
changing to snuff brown at maturity, cinnamon buff after ejection of 
spores. Asci 8 spored, cylindrical to cylindro-clavate, 7.2 to 7.7 by 121.6 to 
131,4 microns, average 7.5x127.0 microns. Ascospores elliptical to ovoid, 
unicellular, hyaline, 3.8-5.7x10.4-15.2 microns, average 4.9x12.7. Paraphyses 
filiform, simple. Microconidia globose, hyaline 3.8 microns diameter, 



Figs. 4 and a. Manner of microconidial formation on vegetative hyphae. Fig. 6. 
Asci and paraphyses of S. intermedia. 

formed acrogenously on short, flask-shaped sterigmata ; sometimes produced 
endogenously in liquid media. Sclerotia black, irregular, 1 to 3 mm. 
diameter, averaging 2.2 mm. often joining together in elongated chains. 
Mycelium fine, cottony, white to pale olive buff or cartridge buff colored, 
forming Roman green appressoria at contact with foreign bodies. 

On roots of salsify (Tragopogon porrifoJius L.) and carrot (Daucus 
Caroia L.) on the Chicago market. 

Sclerotinia intermedia differs from the almost ubiquitous S. liheriiana 
in that the vegetative growth is less luxuriant and cottony, and that the 

» Bidgway, Robert. Color standards and color nomenclature, Wavshington, D. C., 1912 
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mycelium is not always pure white, but often pale olive buff to cartridge 
buff in color. On standard nutrient media such as potato-dextrose, oatmeal 
and bean agar, the mycelium of S. intermedia is more scant, finer and 
appressed, and has more appressoria than 8. lihertiana. The sclerotia of 
the former are also much smaller and more numerous on the above men- 
tioned media. 

8 . intermedia produces slightly more mycelium than 8 , minor, and the 
radiating hyphae form a more appressed compact layer. The sclerotia of 
8. intermedia are larger in diameter and are more fleshy in texture. They 
often have a tendency to form elongated chains made up of two to several 
sclerotia joined together end to end. In 8, minor the sclerotia have a 
tendency to join together in crust-like formation. 

In addition to the above mentioned growi:h characteristics and the dif- 
ferences in spore and asci measurements, the temperature reactions of 
8, intermedia are quite distinct. This difference is especially noticeable at 
temperatures just below and a few degrees above 0“ C. At — .5 to 3° (\ it 
growls about twice as fast on potato-dextrose agar, as either 8. minor or 
8, lihertiana. At temperatures around 7® C. each of the three named 
species grow at approximately the same rate, while at 20® C. 8. intermedia 
develops at about one half the rate of the other species. 

8. intermedia produces a watery, soft rot of all the ordinary truck crop 
plants that are commonly attacked by Sclerotinia. Inoculation ex])eriinents 
have shown this fungus pathogenic to the following hosts : 


Asparagus shoots 
Bean j)ods 
Beet roots 
Carrot roots 
Celery stalks 


Cucumber fruits 
Lemon fruit 
Lettuce heads 
Parsnip roots 


Pea pods 

Sweet potato roots 
Turnip roots 
Tomato fruit 


Of the numerous inoculation tests conducted only the potato tuber has 
shown complete resistance to 8. intermedia. The decay produced in all 
other host plants is quite comparable to that caused by the other species 
of Sclerotinia, and in most cases is indistinguishable, until a pale olive-buff 
color of the mycelium becomes noticeable or until sclerotial formation 
begins. 

Summary 

1. A strain of Sclerotinia found on the Chicago market causing decay 
of the roots of salsify and carrots has shown morphological and physiolog- 
ical differences which distinguish it from all other species of the genus 
Sclerotinia. 
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2. The sclerotia formed upon most culture media are intermediate in 
size between those produced by 8. liheriiana and 8. minor and an inter^ 
mediate amount of mycelium is produced. Hence the descriptive name 
8. intermedia is proposed for this species. 

DESCRIPTION OP PLATE XXIII 

Fig. 1. S. intermedia on potato -dextrose agar. Fig. 2. S. mimr on potato-dextrose 
agar. Fig. 3. S. intermedia on potato agar without dextrose. Fig. 4. minor on 
potato agar without dextrose. Fig. 5. Planting of S. intermedia (above) and S. minor 
(below) on the same plate of potato -dextrose agar and grown at room temperature. Note 
the difference in rate of growth and in the character and amount of mycelium and 
sclorotia formed by the two species. Fig. 0 . S. intermedia (above) and S. libcrtiana 
(below) growing together on potato-dextrose agar at 5-7° C. showing equal rate of 
growth at this temperature. 
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SPHAEROPSIS MALORUM AND MYXOSPORIUM 
(^ORTICOLA ON APPLE AND PEAR IN OREGON. 

S. M. ZEI.LEK 

Stillinf?or^ has already ref)()rled from Oregon on apple rot caused by 
a hyaline-sporcd fungus of the Maerophoma type which he believes does 
not produce apple canker, lie was also unable to find either the brown 
spores of the Eu-sphaeropsis type or the Diplodia type, which are char- 
acteristic of Sphaeropsis malorum Berk., as it is found in the eastern part 
of the United States. For these reasons the writer and other Oregon 
pathologists have wondered whether perhaps the Oregon fungus might not 
differ materially from the true black rot organism as described by llesler 
and others. The writer thought it worth while, therefore, to examine col- 
lections of apple and pear cankers which for several years have been acces- 
sioned with notes in the Department of Botany and Plant Pathology. 

The wTiter feels that a few facts concerning these collections, and 
cultures from certain of them, are well woi’th while recording here to help 
clear up the situation with reference to Sphaeropsis malorum Berk, in 
Oregon, and incidentally a note concerning the limited occurrence of 
Myxosporiuni corticola Edg. in the state. 

SPHAEROPSIS 

Herewith in table 1 is presented the essential data of Oregon collec- 
tions AYhich may be referred to Sphaeropsis malorum Berk, without ques- 
tion. As far as already knowm, the fungus has been observed from the 
Hood River, Willamette and Umpqua Valleys in Oregon. 

The fungus has usually been found as a bark canker^ often on small 
branches, killing the bark and discoloring the wmod to some depth, as in 
the case of other die-back organisms, often following slight sunscald or 
winter injury, and sometimes associated with Nectria galligena on loose 
dead bark over canker s|)ots. The canlier doubtless occurs endemic in 
the fruit growing districts of the Willamette and Hood River valleys, but 
is usually found in orchards which have been abandoned or in those w^hich 
do not receive the usually-prescribed sequence of sprays suggested for the 
control of other fungous diseases. The black rot canker assumes its w^orst 
form when its infection is subsequent to other fungi, winter injury, sun- 
scald, or die-back from various causes. Of itself Sphaeropsis malorum 

1 Stillinger, C. R. Apple black rot (Sphaeropsis malorum Berk.) in Oregon. Phyto- 
pathology 10 : 453-458. 1920. Literature cited, p. 458. 
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seems to cause merely a superficial cortex canker under Oregon climatic 
conditions. 

The pycnidial form of fruiting on the bark evidently occurs more 
abundantly on apple than on pear and seldom matures further than the 
Macrophoma stage. After spores are discharged, however, and are lodged 
upon the bark surrounding the pycnidia, they become brownish and usually 
diploid. No true Diplodia hiis been found by the writer on apple or pear 
in Oregon. In fact, no other pycnidial forms have been seen on the same 
areas of dead bark occupied by pycnidia of Sphaeropsis malornm. Thus 
we feel safe in assuming that the colored sj)ores are those from the Maero- 
phoma type of pycnidia, since such diploid spores produce the Macrophoma 
with typical spores when cultured. 

Black rot is endemic as a leaf -spot in Oregon. It is confined mostly to 
old or neglected orchards in sod, although an occasional outbreak in indi- 
vidual rochards is serious in some localities under favorable weather con- 
ditions. The unusu ally-few serious cases of leaf-spot in Oregon un- 
doubtedly is due to the dry summer climate, there seldom being a rain 
after the leaves have opened until they have reached advanced maturation, 
or until just before leaf fall. Otherwise, with the casual organism as 
])revalezit as it seems to be, there is no known reason why Pacific north- 
western orchards should not suffer their share of damage from black rot 
leaf-spot. 

The leaf-spot as it occurs here is the typical ‘‘frog-eye.” Seldom, how- 
ever, do pycnidia mature on the leaves. Black specks do frequently occur 
in the leaf -spots. When the epidermis is lifted away, these specks prove 
to be sclerotia (perhaps primordial pycnidia, mature specimens of which 
ha\'e not yet been observed). When these sclerotia are dissected out with 
a st(»rile needle and planted on agar slants they yield a mycelial growth 
typical of the black rot organism (compared Mith culture from Hesler). 
Ap])les have been inoculated from such cultures, which cause a black rot 
of the fruit, upon which pycnidia of the Macrophoma type describcfl above 
have been produced. 

Blavk rot of the fruit occurs rather frequently, as Stillinger has sug- 
gested. This, T believe, is most prevalent during the fall after early rains 
and, of course, would be most serious on the late picking varieties, such 
as Newton Pippin. No specimens of pear fruits decayed by this organism 
have been recorded. 

The same growth in culture and the same tyjze of rot of ajzple fruit 
has been obtained with fungous cultures secured from the three sources, i.e., 
leaf-spot, bark canker, and fruit rot. All of these cultures have given in 
return the typical pycnidia on inoculated apple fruit, and some on agar 
and sweet clover stems. 
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To summarize: There is no doubt that black rot of pomaceous fruits 
is wide-spread in Oregon — perhaps throughout the Pacific Northwest — ^but 
its economic importance is limited because of the dry summer climate. Its 
presence and identity have not previously been definitely reported because 
the development of the pycnidia spores is not usually maturated to the 
Sphaeropsis or diploid stages. 


MYXOSPORIUM 

Myxosporium coriicola Edg. occui*s in Oregon as a superficial bark 
canker. Its known distribution as indicated in the above table is limited 
to the Willamette and Rogue River Valleys, and it has been found more 
often on pear than apple. The infected areas of bark are typical of those 
described by Edgerton,^ and Hosier and WlietzeP and others. The affected 
bark is sunken and browned under the epidermis, but not to the inner 
bark and cambium. The diseased bark dries and shrinks, leaving a marginal 
crack. On these sunken areas appear the aeervuli, which often exude white 
or creamy, globular masses of spores. The spores are hyaline, measure 
18-30x7.5-12 (Ji. and are unicellular, becoming 1-3-scptate and often yel- 
lowish before germination. 

There is apparently no lasting or damaging effect on trees which have 
bark infections due to this fungus. There is apparently no decay of fruit 
due to this organism, at least such was not induced by artificial inoculation. 

Oregon Experiment Station, 

CoRVAiiLis, Oregon, 


2 Edgertoii, C. W. Two little known MyoxporiumR. Ann. Myc. 6: 48-5.3. S fig. 1908. 
•' Hosier, L. R., and H. H. Whetzel. Manual of fruit diseases, pp. 1.30“132. 1917. 



MORPHOLOGICAL STUDIES ON THE INJURY TO APPLE 
CAUSED BY CERESA BUBALIS 

J. C. Goodwin and F. A. F e n t o n’^ 

With Four Figures in the Text 

The peculiar lesions caused by oviposition of Ceresa buhalis^ Fab. in 
woody plants are familiar to many entomologists. A histological study of 
these scars was taken up to determine the pathological changes in the plant 
tissues that take place following the incision of the sharp ovipositor of the 
female insect. At first cross sections were made from plum, pear and apple 
wood. Microscopical examination of slide material prepared from these 
revealed the character of the injury, and this was found to be practically 
the same for alL Therefore, the following notes arc largely based on a 
study of the malformations produced on apple as a result of egg deposition 
by this species. 

Fresh twigs were secured showing typical injury and crovss sections 18 
microns thick were cut through the lesions with a sliding microtome. This 
material was stored in 90 per cent alcohol until needed. The sections 
were stained in safranin from three to four minutes and were then washed, 
first in distilled water, and later in 95 per cent alcohol. This process re- 
moved practically all of the color from the cells with the exception of the 
vascular bundles. The wood was then dehydrated and counterstained in 
a weak hematoxylin solution for three to four minutes. After rinsing to 
remove an excess of this color, the ground tissue showed a deep blue in 
contrast to "which the red vascular bundles could be easily identified. Per- 
manent balsam mounts were made after dehydration and clearing in clove 
followed by cedar oil. 

Sections through typical one-year old lesions (Fig. 1) showed that the 
injury was much more severe than apparent from the outside. The sharp 
ovipositor of the female is inserted through the cambium layer and deep 
into the woody fibre. These cuts often penetrate almost to the center of 
small branches. Directly after oviposition there is formed over that part 
of the wood thus exposed to the air, a corky layer of cells. The two strands 
of corky bark adjacent to each other on both sides of the incisions do not 
unite (Fig. 2). Because of this, a w^edge-shaped section of the wood be- 
comes separated from the remainder. That part of the cambium layer 
within the slits is isolated from the rest and the wound fails to heal over. 
The severed part of this, as well as the rest, continues to grow and the 
force exerted between these two results in the malformations of the tissue 
as illustrated. Often the cambium and adjacent tissues grow to about five 

^ Contribution from the Dept, of Zoology, Iowa State College. 

2 Order Homoptera ; family Membracidae. 
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times their size at the time of oviposition. As a result of this abnormal 
growth of the tissue within the wedge and also because of the pressure 
exerted against this b 3 " the cambium around it, this part is gradually 
pushed outwards. At the same time the scar increases in size. As this 
process continues from year to year (Pigs. 3 and 4) more and more of the 
wood between the cuts becomes corked over and sloughs off. Finally, at 
the end of the fourth or fifth year, the sear has increased considerably in 



In j CRY TO Aj»ple Caused by Ceresa bubalis Fab. 

Pig. 1. Cros.s section through typical one-year-ohl lesion in apple wood caused by 
oviposition of Ceresa bubalis Fab. Fig. 2. Enlarged view of portion of lesion showing 
the two corky layers of newly formed bark. Pig. 3. Cross sections through tw'o-year-old 
lesion. Pig. 4. Cross sections through three*year-old lesion. 

width but there has been a corresponding decrease in depth. Altogether, 
mechanical injury is very severe and there are evidences that decay often 
sets in due to these wounds. While these may eventually' heal over, the 
organisms have already entered the heart wood and ultimately this sec- 
ondary injurj^ may kill the entire limb. 



THE SELF PRUNING OP WESTERN YELLOW PINE 


W. H. Long 

In our native forests of western yellow pine the individual trees, as they 
grow older, gradually lose their lower branches. This is also true of all 
forests in general. This dying of the lower branches without any apparent 
specific cause has been termed ‘‘self pruning’’ by foresters and scientists. 
The cause of this so-called self-pruning has usually been attributed to 
shading. As the tree grows the upper branches spread out in all directions 
toward the light, gradually cutting off the bulk of the sunlight from the 
lower and smaller branches. These lower branches gradually die and finally 
fall off. 

For several years the dying of the lower limbs on trees of westciii yellow 
pine has been under observation. At the beginning of the study it was 
noticed that many dead and dying branches were present on young trees 
where shading could not have been the cause since the dead branches were 
in such positions on the tree that they would receive a large amount of sun- 
light. An examination showed that the branches of hundreds of yellow pine 
trees had died even when they were not shaded sufficiently to prevent their 
growth and development. 

A careful examination of such trees showed the presence on the dead 
branches of the fruiting bodies of a fungus known technically as Cenangium 
ahietis. The fungus starts on the lower branches near the ground where the 
moisture is the greatest, it then gradually works up the young tree year 
after year xmtil a distance of 20 or 30 feet is reached. It rarely goes higher 
than 30 feet, due, apparently, to the lack of sufficient moisture that high 
from the ground. The fungus grows in the living bark and usually starts 
in a small side or terminal twig, and gradually works back to the larger 
branches which are finally girdled and killed. Branches of all sizes U]) to 
two inches in diameter are attacked and killed. The fungus does not seem 
to be an active virulent parasite since it attacks branches which are weak- 
ened by drouth, shade, etc., however, nearly all of our yellow pine areas are 
more or less subject to drouth ^t intermittent periods, and every year our 
open yellow pine stands are subject to climatic conditions which approach 
semi-drouths. These weakened branches, if low enough on the tree to be 
within the range of sufficient moisture for the germination of the fungus 
and its penetration into the tissues of the tree, are usually attacked and 
finally killed by the fungus. Such branches, especially, would usually re- 
cover after the period of drouth and continue to grow if the fungus did not 
attack them. 
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The fruiting bodies of Cenangmm ahictis appear as small black pustules, 
breaking through the bark on branches which have been dead for several 
months. These pustules ripen and discharge their spores during the rainy 
season. It is probable that at this time the new infections occur. A branch 
attacked by this fungus will have pale yellowish leaves, a dead twig here 
and there, and a generally unhealthy appearance. A close examination of 
the bark will show many dead resinous areas on the main branch. These 
areas finally coalesce thereby girdling and killing the enlirc branch. Of 
course, in dense stands shading may be a prominent factor in the self-prun- 
ing of the trees but it may also be only secondary since such dense stands 
are very favorable to the development of the pruning fungus, due to the 
shade prolonging the moisture conditions necessary to the growth of the 
fungus. 

In many sections of New Mexico and Arizona this pruning fungus is 
very common and seems to be the usual cause of the self -pruning of the 
young trees. The semi-parasitic nature of this fungus ])revents it from 
attacking, as a rule, vigorous and rapidly growing reproduction. It seems 
to limit itself to the lower, older and weakened branches. This early prun- 
ing of the branches of young timber is beneficial since more clear lumber 
will be obtained from such trees when they mature. It is a well known fact 
that knots, especially large ones, produce lumber of an inferior grade and 
hence lumber which will not sell for as high a price as that which is free 
from large knots. All of the lumber msed for finishing the interior of our 
houses and homes must be free of knots and is known to the lumberman as 
select or clear lumber. Such lumber brings, on the retail market, about 
three times as much as the lower grades with their many knots. The clear 
lumber is obtained from the outer ])ortions of the logs which usually come 
from close to the butt of the trees. All of the new wood added to the bole 
of the tree, after all of its branches are shed, makes clear lumber since tlie 
])resence of branches is what produces knots. The earlier, in the life of a 
tree, that its lower branches are shed, the sooner will clear lumber be pro- 
duced on that portion of the tree, hence any factor or agency which causes 
the early pruning of the lower branches on trees is beneficial to the lumber- 
man. It is for this reason that Cenangium nhielisy the pruning fungus of 
westeni yellow pine, is to be considered a valuable asset to our lumbering 
interests. 

Office of Investig.4tions in Forest Pathology, 

Bureau of Plant Industry, 

Albuqtterqtte, New Mexico. 



THE MICROLOOP. A RAPID METHOD FOR ISOLATING 
SINGLE SPORES. 

Marin S. Dunn 
With One Figure in the Text 

Recently while working on Scleroiinia cinerea under the direction of 
Dr. Charles II. Arndt, it became necessary to obtain pure cultures which 
were the result of single spore inoculations. Several methods were tried 
but all of them were very tedious. Therefore, attempts to develop a 
simpler and more rapid method were made. The procedure described in 
this paper is the outcome of these efforts, and it has been found to be 
quite satisfactory for the following reasons : 

1. Single spores and particular single spores, if not too small, may be 
obtained rapidly by an easily-made ‘ ‘ niicroloop ^ ’ of glass. 

2. The binocular dissecting microscope at times may be used with ease 
in the isolation of the spore. 

3. Inconvenient cooling and heating agents are not required. 

4. Mechanical injury to the spore is avoided. 

5. The study of physiological strains is greatly facilitated. 

The culture medium to be inoculated (in the form of agar slants or 
Petri dishes) is placed in a convenient position under a glass plate sup- 
ported above a laboratory table at such a distance from the table-top that 
the investigator may manipulate a microscope under it without touching 
the plate with the head. A Bunsen burner is lighted under the plate about 
one-half hour before the inoculation is started, and the table-top is wiped 
with some suitable reagent. An inoculation room may be used instead of 
the glass plate. 

The spores of the species of Scleroiinia studied arc large enough (a 
little over 10 ^*) to be seen clearly under the high power of a binocular 
dissecting microscope. For more accurate study, a compound microscope 
with a 16 mm. objective is placed by the side of the dissecting microscope 
under the plate. A tube of distilled water which has been previously 
sterilized is put into a convenient position. When necessary, instead of 
the water, the filtered, sterilized culture medium without agar may be 
used. In the ease of Sclerotinia cinerea, the writer first studied the spores 
under the compound microscope, and later selected those desired under the 
binocular dissecting microscope. 

A large drop of the medium is placed upon one end of a properly- 
sterilized and flamed clean glass slide. Into this drop, spores from the 
culture are introduced by means of a sterilized platinum loop, and gently 



1924J 


Dunn: Microloop 


339 


agitated. Two or three other drops of the water are placed side by side 
on the same slide. A loopful of drop No. 1 containing the spores is intro- 
duced into drop No. 2, a loopful of drop No. 2 into drop No. 3, etc., until 
satisfactory dilutil^n is obtained. By observing the dilution at different 
times under the 16 mm. objective, it is possible to find a drop containing 
a few well-separated spores. Any other satisfactory method of dilution 
may be used. 

The slide is then removed to the dissecting microsco])e, and the upper 
surface of the selected drop brought into view. Instead of using a capillary 
tube to suck up the spore desired, the writer uses what he terms a micro- 


Viii. 1. 



a, the loop end of one type of microloop, approximately X 37 ; b, the same micro- 
loop shelving the general stnieture and relation of its parts, the loop 
somewhat magnified. 


loop. This is simply a piece of glass rod or glass tubing of small diameter 
drawn out into a delicate filament at one end, this end being bent to form a 
minute, flat loop (Fig. 1). Jf it is made from glass tubing, care must be 
taken that the central canal of the tube is closed in the loop end. The micro- 
loops may be of various sizes and shapes to fit the needs of the investigator. 
The writer used the one shown in the illustration for his isolation of the 
spores of Sderotinia cinerca. This loop was approximately 1 I/IO mm. long 
and mm. wide at its widest part (inside measurement). 

Tt is possible to place the loop immediately over the spore in question 
so that it appears directly under the center of the loop. By gently lower- 
ing the hand until the loop almost touches the liquid around the spore, it 
is extremely easy to give a slight sudden up and dowm movement, rapidly 
touching the loop to the medium, and withdrawing it before any currents 
may carry other spores to it. As the loop is lifted from the liquid, there 
is carried with it a small drop of the medium in which, near its center, is 
held the desired spore. The tube of the microscope is then raised and the 
drop studied at leisure w^hile held in the loop. When desired, the drop may 
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be transferred to a sterilized slide and studied under the higher magnifica- 
tion of the other microscope. 

lloAvever, the writer finds in his work on Sclerotinia that it is often 
sufficient after studying the drop under the dissecting microscope to convey 
it to an agar slant. The spore is readily removed by simply allowing the 
drop contained in the loop to touch the surface of the agar. There is no 
injury due to mechanical handling. The rapidity and accuracy of isolation 
soon improve as the investigator becomes accustomed to the microloop 
employed. 

It is a great advantage to select spores that are floating on the top of 
the drop on the glass slide rather than trying to obtain those below the 
surface. It may be found helpful to bend the glass filament so that the 
loop is in a plane slightly belovr tlie handle. This obviates the possibility 
that the handle may strike the surface of the medium. After using, the 
microloop is sterilized in any approj)ria1e manner and reused as often 
as may be necessary. 

If the spore is so small that the use of the dissecting microscope is im- 
possible, it may be found convenient to attach the microloop in place of the 
capillary tube in a device like the one described by lioberts,^ and work 
directly under the 16 mm. objective of the compound microscope, using a 
microloop of approi)riate size. 

Although the writer has not reviewed all the literature concerning 
single spore isolation, he feels since he has had such good results in such a 
surprisingly easy manner that he is justified in setting forth the method 
used for the benefit of those who may need an accurate and rapid technique. 

Botanical LAj30RAT0Rncs, 

University of Pennsylvania. 

1 Roberts, J. W. A method of isolating selected single spoies. Phytopathology 13: 
558-500. 7 jig. 1923. 



PIIYTOPATIIOLOGICAL NOTES 

Supplement to Haridhook of the Plant Diseases in Japan. Vol. 1, pages 
l-89Sf 1923, by Arata hi eta. This is an attractively gotten up book printed 
on thin, rough-suri'accd paper. Lhi fortunately i'roni our viewj)oint it is 
printed in Japanese except some citations and names of f)arasites. Except 
for some half-tone illustrations, evidently co])ied from other publications, the 
illustrations are very good. American bookmakers might well co])}" the 
example set by this one and make the use of their books a i)leasure instead 
of a task be(tause of excessive weight, as a result oL* tlie use of shiny, heavily 
calendared paper of low actual gx^ade and length of life. This volume evi- 
dently presents tlic additions to Japanese ])lant diseases in the groups: 
Myxomycetes, Bacteria, Oomycetes, /ygomycetes and Ascomyi^etes. A sec- 
ond A^olume is to give additions to the remaining groui)s. 

Ideta’s Handbook of the Plant Diseases of Jai)an, issued 1909-11, is 
fairly well known to American j>athologists although ])rinted in Japanese. 
Jn a ])ersonal letter Jdeta states: “The first volume of the Supplement was 
published in Tokyo last April. But by the great eaDhriuake catastrophe of 
Se])tember first, all copies of the Supplement which were preserved in the 
bookstore, the Shokabo, Tokyo, were burnt and now only a few copies 
remain in my hands. The eighth edition of my Handbook was published 

last jMay in Tokyo but all co])ies were burnt also at the same time 

The Su!)plem(‘nt is to consist of two volumes but T am sorry that it is im- 
possible to f)ublish the second volume in the near future.” His address is 
Arata Tdeta, Director of Ogori Agricultural School, Yamaguchi-ken, Ja])an. 

- -Perj.ky SpAuiimN(}. 

A Nafiee Weed Host for Bacterial Blight of Beau. Angular, translucent, 
watersoaked spots were found u])on the young leaves of trailing wdld bean 
(Strophostyles helvola (L.) P>ritton) on September 20, 192J, in experi- 
mental ])lots jdanted by Dr. E. 13. Mains at Purdue University Agricultural 
Experiment Station, UaFayette, Ind. These leaf lesions proved to be full 
of bacteria and from th(mi a yellow^ organism was isolated which in culture 
closely resembled Bacterium phascoJi E. F. S. In the greenhouse in Llarch, 
nine potted garden bean ])lants were s{)rayed with a w'ater suspension of a 
24-hour culture of the Strophostyles organism and typical, greasy, parch- 
ment -like, bacterial blight lesions were obtained on seven of the ])laTits. 
At the same time tw'o potted Strophostyles plants w^ere similarly inoculated 
wdth a culture of Bacterium phaseoli isolated from garden beans and in- 
fection occurred on both plants. The lesions on Strophostyles remained 
smaller than those on garden bean. Reisolations from both host species 
yielded similar yellow^ colonies of Bact. phascoJi. Therefore Strophostyles 
helvola^ a wddely distributed native wu’ld plant and in some places a common 
weed, may function as a host for bean bacterial blight, and should be con- 
sidered undesirable in the vicinity of cultivated beans. — Max W. Gardner. 
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A Lahoraiory Gonvenicncv . — Many plant pathologists use culture media 
in connection witli certain phases ol' their work, and are familiar with the 
inconvonieiiee caused wlien the cotton plug becomes stuck to the inside of a 
test tube by a drop of tlie medium. An occasional drop of medium on the 
lip of the tubing api)aT-atus is likely to come in contact with tlie inside of a 
test lube, near its moutli, unless one is very skillful in tlie tubing of media. 
The sketcli submitted with this note shows a type of tubing apparatus outlet 
which lias been used in the Plant Pathology Laboratory at the West Vir- 
ginia Agricultural Exi)eriment Station, for nearly fifteen years. These 
little double tubes have been found very convenient, and have been reiiorted 
as quite helpful by men in other departments, where they have been tried. 
This article is written at the suggestion of some of these* users. 

The author wishes it clearly understood that lie did not design the tube. 
The first tube of that type used in our laboratory was found in a lot of old, 
miscellaneous glassware, and was put to use as a tip for our culture media 
tubing equipment. What it was originally designed for, and what its name 
may have been, is quite unknown to the writer. No effort has becui made to 



JVr. 1. Outlet for culture medimu teat tnl)c filler. ^ 

learn whether there has been previous publication concerning this bit of 
glassw^are. 

The tubes which we are now using were made by Eimer and Amend, as 
a special order. They are not listed in any catalog that has come to our 
attention. 

Ihe upper ])()rtioii of the tube is single, and with an enlargement to make 
it hold rubber tubing better. The lower part of the tube is double, and the 
medium is delivered from the central tube. Even thick culture media, like 
oat meal agar, i)ass readily through the small tube, if tubed while hot. The 
outer lube tits inside any ordinary test tube and helps to keep the medium 
from contact with the upper part of the test tube. The inner tube should 
project about two millimeters beyond the outer tube in order to prevent the 
culture medium from coming in contact with the latter. It has been sug- 
gested that making the inner tube about four or five millimeters shorter 
than the outer tube would also be effective. This has not been tried in 
our laboratory, but would aF)pear to be less desirable especially with thick 
media. — N. J. Oiddinos. 
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Pcrso7iah. Dr. H. W. Wollenweber of Berlin, formerly a j)atlioloj?ist 
in the Bureau of Plant Industry, Washington, D. P., came to this coun- 
try about the first of June to take part in a confer(‘ne(‘ on Fusarium 
diseases of plants, to be held at Madison, Wis., in June, lie sto])ped in 
Washing:ton for a few days en route to Madison. Other workers who wdll 
particij)ale in this conference are Dr. Otto Iteinkiii", patholog^ist for the 
United Fruit (V)mpany, Dr. C. D. Slierbakotf of the University of Tennesee, 
Miss Helen Johann of the Office of Cereal Investigations, ^Irs. Alice Bailey 
of (Chicago, and possibly others. 

Dr. H. Ij. van de Sande-Bakhuij/.en, a Dutch botanist, stopped in Wash- 
ington, on his way to California a few days ago and spent a short time in 
the pathological offices of the Bureau of Plant Industry. 

Dr, John P. Johnston, formerly of Washington and now pathologist for 
the United Fruit Company of Boston, was a recent visitor in Washington. 

Dr. K. D. Ivands has been transferred from the Office of Croj) Acclima- 
tization and Adaptation Investigations to the Office of Sugar Plant Investi- 
gations, and will work on sugar cane mo.saic. 

Dr. G. II. Godfrey has resigned his position in the Bureau of Plant 
Industry, Washington, D. C., effective May 31, having accepted the position 
of pathologist for the Bayer Comjiany of New York City, manufacturers 
of the Uspulun products. 

Dr. J. C. Walker came to Washington the last week in A])ril for con- 
ferences relative to his work on onion and cabbage diseases and to give a 
talk at the meeting of the National Academy of Sciences on the results to 
date f J'om the studies on the nature of disease resistance in the onion. 

Mr. M. Sha]>ovalov s])ent the latter part of February on a trip to the 
West Coast of Mexico for the purpose of studying tomato diseases, par- 
ticularly w(;stern yellow blight. 

Miss IVIinnie W. Taylor, Junior Pathologist in the Office of Investiga- 
tions in Forest Pathology, Bureau of Plant Industry, U. S. D(‘])artment 
of Agriculture, resigned on February 1, 1924, to assume the ])osition of 
Librarian of the Museum of Natural History at Cleveland, Ohio. 




ABSTRACTS OP PAPERS PRESENTED AT THE FIFTH ANNUAL 
MEETING OP THE CANADIAN DIVISION OP THE AMERI- 
CAN PHYTOPAT HOLOGICAL SOCIETY, QUEENS 
UNIVERSITY, KINGSTON, ONTARIO, 

DECEMBER 20, 21, 1923 

ChrstmU blight in Ontaiio. R. E. Stone. 

Chestnut blight due to Endothui parasitica (Muir.) Aiuls. & Auds. has made its 
appearance in Ontario. Many trees in the Niagara Peninsula, near Font Hill, are badly 
diseased and the disease is spreading. The disease is also present in Norfolk county, near 
Siincoe. In the last named county twi'nty-iive jier cent of the trees arc rojiorted diseased. 
It is probable that the disease will not Ik^ checkiHl until all the chestnut timber is gone. 

Coryneum twig blight of Manitoba maple. J. E. Hovvitt. 

The Manitoba inajdcs in the vicinity of the Ontario Agricultural College have many 
blighted twigs. In May, 19-3, Mr. Hurst collected a number of specimens of blighU’d 
twigs all affected by the fungus Coryneum negundinis H. & C. This fungus is evidently 
the cause of the blight. 

Some probhms in forest pathology. A. \V. Mc’Callum. 

A distinction is made between the terms ^‘foiest pathology’' and ‘‘fori'st mycol- 
ogy, " the former being defined as that branch of the science of forestry which is coii' 
cerned with the study of tree diseases, their causes and thc'ir control. Jialsam fir grown 
for pulpivood can be managed on a .short rotation and is subject to attack by many fungi. 
Further, in recent years it has <*c>me to be almost as highly regarded as spruce for pulp- 
w’ood. For these reasons operators desire all available information as to the jiathology 
of this species. 

The first step is the identification of the various fungi which cause decay in living 
trees. This work, though uncompleted, has shown that erroneous ideas have been held 
as to the etiology of decay in balsam. A large number of trees have been analyzed for 
decay and from the.se figures it will be possible to secure data indicating the age to which 
the stand may be left to grow without risk of .serious loss from decay resulting. 

The pathological anatomy of tissue produced in Abies balsnmea following an attach of 
the spruce bndworm. C. H. MuLeod. 

Young .shoots of Abies balsamea, when attacked by the .spruce or balsam budworm, 
redden and often die. Structural disturbances initiated by the budworms may extend as 
far as the cambium is affected. The decrease in .size of the grow^th rings is the only 
change noted macro.scopically. There is no lirowuiish zone as in fro.st injury. 

Destruction of the leaves by budworms rc'sults in characteristic disturbances of tlio 
tissues of the growth rings formed iluring and iinmediattdy following the years of attack. 
Abnormal tissues vary greatly according to severity of attack and more than one ty^ie of 
abnormal tissue may bo found in one section. Abnormal structures art' — resin cells or 
canals, often in a complete ring; broadened or proliferated medullary rays; enlarged 
tracheids, large cells of parenchyma between medullary rays; groups of large jiaronchyma 
cells among tracheids, and parenchyma tracheids. 

These abnormalities may appear in any part of the growth ring and all types may 
appear in the same ring. 
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A Itakcry infection with Monilia sitophila, Guilford B. Reed. 

I^rcad i)i' 0 (luced from a small bakery in Eastern Ontario when kept for four to five 
days developed a deej) shell pink color through the loaf. The color increased until the 
loaf was 8 to 30 days old. An infection with the pigmented Monilta sitophila proved to 
be the cause, fcjpores were widespread in the bakery as a result of the practice of break- 
ing infected loaves. Destruction of all infected material followed by cleaning and liberal 
application of Javelle water cleared uj) the trouble. 

Mosaic studies IV. B. T. Dk'KSon. 

(a) Mosaic of Pisum sativum, transmitted through seed, was again evident in Prus- 
sian Blue, Golden Vine, Canadian Beauty, Chancellor and White Marrowfat varieties at 
MacDonald (College. 

(b) Soy bean mosaic was found for the first time in Quebec. 

(c) One case of transmission of tomato mosaic to healthy tomato under cage con- 
ditions by the flea beetle (Epitrix cueu?neris) occurred in July, 192.'!. 

A single case of transmission from Physahs sp. to Browallia sp. oc.curred in the 
author ^s garden but under uncontrolled conditions. 

Experiments in oat smut control in 19SS. J. E. Howitt and B. E. Stone. 

Experiments w^ero conducted in co-operation with the Crop Protection Institute of 
the United States. All experiments were in triplicate on l/4()th acre plots. 

Results of experiments are shown in the following table. 


Treatment 

Germination 
, In Zurich 

In Soil (terminators 

Amount of 
smut 

Yield per 
acre 

Formaldehyde sprinke 

40 

26 

Trace 

36.94 

Formaldehyde spray 

98 

91 

Trace 

46.03 

Copper carbonate dust, 2 ounces jicr bushel 

97 

95.5 

1.2 

44.86 

Copper sulphate and lime dust . 

94 

85.5 

3.1 

44.61 

(V)pimr sulphate dij) 

88 

89 

.73 

45.89 

Check 

98 

94.5 

4.4 

44.49 


Summary 

First — The formaldehyde sprinkle treatment reduced both germination and yield. 
Second — The formaldehyde spray almost entirely prevented smut and gave the largest 
yield of any of the methods. 

Third — Neither copper carbonate dust or copper sulphate lime dust were eff(‘ctive in 
eliminating smut. 

Fourth — Copper sulphate dij) reduced germination slightly but was effective in the 
control of smut. 

Eeport of plant disease survey for Canada, W2S, F. D. Dkayton. 

The report covers more or less fully 260 diseases, with reports from 62 collaborators. 
A brief summary of the prevalence of some diseases of interest: — 

Wheat stem rust: caused greater losses than in any year since 1916. In Alberta it 
w'as severe but too late to do serious damage. In Saskatchewan, much damage occurred 
to late crops. In Manitoba losses w^ere estimated at 35,000,000 bushels. In the Eastern 
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Provinces severe infections occurred locally but losses were not as severe as in the Prairie 
Provinces. 

Clover powdery mildew; w’idesi)iead, loss is questionable except where (dover is growm 
for seed. 

Clover anthracnose (Glocoaporium caxilivorum): caused the destruction of certain 
plots at the Central Experimental Parm. 

Sclerotinia wilt or drop of sunfloweis is widespread and is assuming alarming j)ro- 
portions in parts of Manitoba and Piince Edward Island. 

Raspberry mosaic: serjous in Manitoba, Ontario, New Brunswick, Prince Edwrard 
Island. Becoming common in Quebec and Nova Scotia. 

Onion smut: occurs in Winnepeg, Manitoba; Leamington, Ontario; and Island of 
Montreal, Quebec. 

Tobacco mosaic and root- rot: common in Ontario and Quebec. 

White Pine Bli.ster Rust occurs as follows: — 

On Pines; British Columbia, Ontario, Nova Scotia, New' Brunswick and Quebec. 

On Ribes: British Columbia, Ontario, Nova Scotia, New Biunswdck, Prince Edward 
Island and Quebec. 

Sfid treatment for smut control. W. P. Ekasek and P. M. Simmond.s. 

This paper describes expeiiments on smut control with wheat and hull-less oats in 
co-operation with four of the Donunion Experimental Farms ni Saskatchewan and Alb(‘rta. 
Copper carbonate, a mixture of equal parts of copper suljihato and calcium carbonate and 
sulphur ill the form of dusts were used, also solutions of formaldehyde, semesaii and 
chlorophol. All the substances gave good control except sulphur at some stations, (’ojiper 
carbonate dust was most satisfactory for hull-less oats. The yiedds were not significant. 

* * Takc~air ^ of wheat in If tsiexn Canada. W. P. Fhasek. 

Last season a held of Marquis wheat in northern Saskatchew'an W'as found to be 
rather severely attacked by foot-rot. The held showed many areas of stunted grain with 
white heads characteristic of ‘ ‘ take-all. ^ ’ Abundant mycelium was present on the bases 
of the stems of the diseased jilants, and also perithecia w'ith mature asci. The study of 
this material showed the fungus to be Ophwholus eariceU (B. & Br.) Sacc. 

liaspherry Diseases. G. H. Bp:rkeley and A. B. Jackson. 

The average amount of mosaic for the Niagaia Peninsula is from fifteen to twenty 
jier cent. There is less in the district around London, Ontario, many of the helds being 
free from the disease. 

Nicotine sulphate may be used to check the spri'ad of the disease. In unsprayed 
lilantations the disease spread S..*! per cent. In those sx) rayed twdeo the spread was only 
3.8 x^er cent. Heavy fertilizing masked the presence of the disease. The chief method 
of control during the past two years has been the use of certified stock. A number of 
disease-free plantations have been found, and these together wdtli others, having less than 
.3 per cent of mosaic furnish satisfactory stock. A grower may use his own stock by 
selecting only healthy shoots. 

Leaf curl in the Niagara Peninsula varies from zero to five per cent. It is ai>parently 
on the decrease. Diseased jilants are rogued as soon as noticed and the sxiread of this 
disease has been greatly checked. 

Bhxe stem of red and hlacJc raspberry. G. H. Bekkelev and A. B. Jackson. 

In 1922 the presence of blue stem, as described by Law'rence, was reported on black 
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raspberries in the Niagara Peninsula. This year we have to report blue stem as preva- 
lent throughout the Peninsula on both black and red raspberries. Three-fourths of the 
Cuthl)ert plantations showed the disease to be present, in some cases as high as 10 per 
cent. Affected plants show the typical blue-stem with accompanying defoliation; bronz- 
ing of the tip leaves and the blue discoloration of a portion or all of the stem. The 
tops become brown and withered. No fruit-bodies have been observed in the field. 

Sections of diseased plants show’ the presence of mycelium in the w’ood elements. 
Internal isolations from infected canes give charactin-istic cultures of Acrostolagmas 
ca ulopfi luj M.s‘, 1 ^aw'rence. 

Strawhf'vry hlack root. G. U. Up^rket.ky and A. B. Jackson. 

In the past the cause of this trouble has lieen put dowm to winter injury. During 
the season of 19-‘l this trouble was fairly general in one or two districts of the Niagara 
Peninsula. Evidence, mainly of an observational nature has been brought forward which 
tends to show* that there are three types of this black root injury. Further evidence, 
supported by preliininary inoculation tests, points out the possibility that at least one of 
these types of* injury may be caused by soil bacteria. 

Effects of salt and hydrogen von concentraUon upon the growth and struct U)V of certain 

bacteria and moulds. Gittlp’okd B. Beed. 

The growth of Vihno comma in dilute pejitone is increased with the* addition of 
NaCJ up to 0.12 m. The addition of the salt widens the pll tol(*rancc. Further inciease 
in the concentration of NaCl decrea.ses the grow’th and decr(*ases the pTT tolerani'e. 

In very dilute Na(i and at optimum for growth the organisms are small regular 
cocci and rods, at pH higher or low’er than optimum the oiganisnis are larger and at the 
extremes of pH consist of large rods and yeastiike bodies. In the o}>tinuiin NaC-l con- 
centration for grow'th the organisms are nioie n(*aily tyjiical with less variation in struc- 
ture at the extremes of pTT, In concentrations of Na(i above optimum the organisms are 
all larger than the normal with conspicuous modifications in structure at tin* I'x- 
treme of pH. 

The grow'th of Otdtum lactis is similarly influenced by salt concentration and pH. 
At optimum pH and salt concentrations for growth, some liyYihae, but mostly yi’astiike 
liodies are produced. At higlier or lower pll salt concentiation than optimum for giowtli 
more hyphao and fewer y(*ast-like cells aie produceil. At the extremes of ]»n and salt 
concentration only hyphae are produced. 

Hoot rot and blight of canning peas. B. E. Stone. 

In certain sections of Ontario j»eas are extensively grown both for canning purposes 
and for seed. In some of the ])ea-growing sections a dis(*asG knowm as root rot and as 
blight has caused serious loss. 

Tw’o fungi are closely associated wdth the disease liotli of wdiich are capable of caus- 
ing trouble. One fungus, a species of Fusarium, attacks the roots causing them to rot. 
The other fungus, a Pythium works near the soil surface producing a symptom resembling 
damping off. A Bliizoctonia is often associated with the two fungi just mentioned. The 
disease is carried over in the soil for several years. 

An attemyit is being made to secure disease-resistant strains of peas. T^ast year 
thirty- four strains were secured through the co-operation of Wisconsin Expeiinient Sta- 
tion and U. S. Department of Agriculture, and the Dominion Canners Seeds Limited. 
These strains were jdanteii in a badly infested fleld. 

The check plots and many of the selected .strains w’ero total failures. However three 
strains gave very good yields and tw'O other selections gave fair yields. 
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The best yielding- stniiiis will be tested again and if satisfactory will be propagated. 

Ill the meantime exjieri meats will lie carried on to determine the length of time 
leqiured to render an inf{*sted ji(*ld saft* for pea growing. 

MciahoUsm in Botryhs. A. IIuktek and G. 11. Hekkeley. 

A study of the metabolism of foui Botrytis forms of the B. cinoua group \vas 
carried out by analysis for total nitrogen, animonia N., ainino N., sugar content and 
titratable acidity of the medium along with total N., and diy weight values of the 
mycelium. The thr(‘(‘ media used w(‘rc licjuid synthetic media with the nitrogen source 
the only variable. The results given mainly in graph form show not only important and 
interesting aspects of ni(‘tabolisin, but in addition, the natiiic of the grajihs cleaily points 
out that tw’o of th(‘ four forms are very closely iidated and comprise a group distinct 
from the other forms. This .same giouping has been obtained from cultural studies under 
constant tem]>eratur(‘ conditions. A corndation lietween physiology and morphology, in 
so far as grouping of the forms is concerned, has lieeii establishi'd. 

litsU'ltft of experiments tv prevent potato Tihiaocfonut. J. E. IlovriTT. 

TIu'se ex]ierim(’nts have been carruvl on for five yeais. EacJi year jilots of 1/100 
acre were planted in the same hold and on the same ilay. Results are showui by the 
follow'ing table; 


Solution 

No. of years 

Time of immersion 

Average amount of Rhizoctonia 

1-2000 

4 

2 hours 

10.14 per cent 

1 -2000 

4 

3 hours 

0.37 per cent 

1- 1200 

4 

1 hour 

6.97 i>cr cent 

Control 

4 


48.37 per cent 

1-500 


2 hours 

.7 pier cent 

1-500 

3 

1 hour 

none 

(\)ntrol 

3 


56.1) ])(‘r cent 

1-1000 

o 

2 hours 

11.6 per cent 

1 -500 

o 

% liour 

1.65 per cent 

< '(llltiol 



60.6 per cent 


In 10212 all jilots weie free from Rlii/.octonia and this year is not included in the table. 

Canelmions 

1. Til Ontario corrosne sublimate materially reduces the amount of Rhizoctonia. 

2. Stronger solutions than usually recommended can be used. 

3. Corrosive sublimate, one part to five hundred for one oi tw-o hours eliminates 
Rhizoctonia under soil and climatic conditions occurring at Gueljdi, Out. 

Stereum sangmnolentum as the cause of Boiige^^ or red htart rot of Imlsarru. 

J. H. Faull and Miss Irene Moijn(’E. 

Because spruce is becoming scarce m*wsprint pulp industries arc now' using balsam 
for their supplies of raw material. Diseases of balsam have not been carefully studied. 
One very important disea.se of balsam is the trunk di.seasc or heart rot of living trees. 
Fifty per cent or more of affected stems may be discarded as unmerchantable. The rot 
extends throughout the length of the trunk down to breast height. French Canadian 
lumberjacks call these trees ‘^Sapin rouge.’' The disease has also been called ‘Oiemlock 
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rot of balsam.’^ During 1923 the senior author concentrated on a study of heart rot in 
the field. These studies showed the association of the fruits of Stewum sanguinolentum 
with this decay. Test tube cultures from the red heart rot made in December, 1922, 
developed fruits of Slcreum sanguinolentum in August, 1923. 

The fungus fruits abundantly on dead trees and slash, and furnishes further reason 
for slash disposal. It is possible that living trees with this heart rot may be utilized 
for newspaper pulp. 

The accial stage of HyaJopsora aspidiotus (Peck) P. Magnus. J. 11. Faull and G. D. 

Darker. 

Ten species of Hyalopsora (Magnus, 1901) are reported by Sydow, all known from 
telial or uredinial stages only. 77. aspidiotus (Uredo polypodn var. Polypodii-dryopteridis 
Moug. et Nestl. 1815) occurs freciuently in some localities on Phegopteris dryopteris in 
Europe and North America. Foliage of Abies halsamea bearing i)ycnia on two-year-old 
needles, and peridermia and pycnia on needles in their third year were found by 11. P. 
Bell and J. II. Faull in Ontario and Quebec, 1920, 1922 and 1923, and associated with 
P. dryopteris carrying Hyalopsora rust. Dr. Bell named the rust on balsam Pendermium 
pycnoconspicuum. Inoculations by Dr. Bell from the balsam to the fern, in 1922, indicate 
that //. aspidiotus and P. pyenoconspicuum were stages of the same rust. In 1923 inocu- 
lations by Faull and Darker confirm these conclusions. Twenty fronds w’crc inoculated, 
thirty controls were kept. Lesions developed on all the inoculated fronds (249 primary 
infections in all). Uredinial pustules formed on most of them (283 pustules in all). 
The controls remained free, the period of incubation was 22 days, Juno 20th to July 12th. 

Smut control experiments in hull-less oats during 19S3. B. T. Dk^kson, R. Summerby 

and J. G. Cotilson. 

Plots were rei)licated four times. The results indicate that copper carbonate dust 
treatment is efficient in control and simple in application. The table summarizes the 
results at MacDonald College, Quebec, Canada. 



Germination 

1 Total 

% Smut by 

Yield 1 


Tr(*atinent 

in lab. 

' culm 

total head 

in i 

P. 1.. 



1 count 

count 

B.P.A. i 


Formalin sprinkle j 

77 

4128 

1.8 

33.54 

± 2.38 

CuSO^ Dip 

83 

! 3062 

0.38 

31.60 

=h 1.74 

No treatment 

93 ; 

6028 

72.8 

12.48 

± 0.04 

No. CuCOa Dust 

93 i 

3832 

1.5 

36.62 ' 

± 3.53 

No treatment ; 

93 1 

7417 

70.0 

12.15 

±: 0.61 

No. CuS ()4 lime dust 

1 

80 

4404 

1 

1.45 

38.56 , 

± 3.28 


The June number of Phytopathology was issued June 27. 
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ALTGITST, 

STUDIES OX A LEAF SPOT OF JMIASEOLUS AUPEUS 
NEW TO THE PHILIPPINE ISLANDS 

C O L I N (t. \V j: L h E s 

With 1*j.ate XXi\' am> Thlek Fhjhke.s i.s the Text 

A s(*ri()iis l(‘a1* spotting of PJtasroltis (uircua Itoxb. has been undei* obser- 
\ at ion at the Collefj:e of Agneiiltiire, Jjos Hafios, P. L, sinee Scptenilier 1, 
1021. In the bej^inninp^ the spots a])i)eaml only on the older leaves but 
Intel* they spread, until on Noveinlier first the plants were nearly defoliated 
and stems and [lods Avere seriously atfeeted. 0di(‘ develoiiinent of tin* dis- 
ease Avas ])lienonienal due to the heavy rains Avhieh eommeneed about 
0(*tober fifteenth. 

Studies were inadi* on the easual orj^anism and the fun>»*us was idiuitified 
as (\’t cusponi rrurnid Saee. While this fungus and (-losely ivlated funo-i 
an* widely distributed in many parts of tin* Ori(‘nt and America on beans, 
it has never b(‘rore been reported from the IMdIippine Islands, nor lias it 
been rei)ort(*d on jiods of any of tin* spcH‘i(*s of Pliaseolus, Doliehos, or Viji^ria 
on Avhieli it has been formerly noted. 

]\Iany speeies of cultivated beans an* parasitized by Uereospora in the 
Phili])i)ine Islands. Tlie relationship of these orgranisms is entirely un- 
knoAMi. Tile host reactions in the different cases an* not at all similar. In 
fact 1lH‘n* is no sym])tomatic "round by Avhich the parasites may be differ- 
(‘iitiated and no work has lieen performed with the causal oi’^aiiisms whi(*h 
has revealed any of the fundamental ])hysiolo^ical similarities or differ- 
ences which necessarily exist. 

UrAIFAV OK LITKRATITU': 

Butler (1, 2()l-2.) in a brief statement presents the possible relationship 
between the various Uerosporas which he has observed on different species 
of beans in India. These comparisons are based (*ntirely on morphological 
differences and variations in host reaction. He conclud(*s that C. cruvnia, 
which ap])ears to be tlie same as the or"anism uruler consideration, is jirob- 
ably identical with C. canescots, reported from the United States and (\ 
vicjuae, reported from Java. He also vstates that there is probably no dif- 
ference betAveen C. cruenta and U. dolichi. With the exception of C, doJichi 
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none of the orp^anisins discussed Butler liave been previously reported 
from the Philippine Islands. 

He states further that C. cruenta i)arasitizes the munf? bean (PJiascohis 
radiatus Linn.^) in India. 

lleinkinf? (2, 248), reported a Cercospora leaf spot of Vigna sinensis 
from the Philii)])ines but included with the note very little descriptive 
matter, (kmcerninjjj the symptoms of the disease he says: 

‘‘LcavCH may he spotted with (iefiaite circular spots from 1 to millimt'ters in diam- 
ct(‘i'. S[)ots have jjfray centers wdth purplish borders.’’ 

He states further that the organism responsible for the disease is a 
('ercospora but includes no spore description other than that ‘Hhe conidia 
are taperin" and usually have four to six cells.’’ 

The followinf? measurements wore made from an illustration drawn to 
scale which accomi)anied Peinlcin*?’s report: (kmidia 21 to 70 microns lon^ 
by 3.5 to 7 microns wide and conidio])hores 70 to 80 microns Ion" liy 3.5 
to 7 microns in width. 


THE IMIILIPPINE DISEASE 

The plants in the field which has been under observation showcnl jiro- 
nounced diseased conditions. The beans were jilanted broad(*ast and, as a 
result, the stand was very thick. 

The diseased jilants, in this case nearly one hundred per emit, ai)])(*ared 
defoliated and where the leaves fiersisted they W(‘re sickly and severely 
sjiotted. The field had the appearance of being hurtled excejding in places 
where the leaves had escaped with a thorough scorching. 

SYMPTOMS 

The disease appears on leaves, pods and stems of PlfaseoJus an reus Boxb. 
On the leaves : 

The leaf sjiols are more or less circular and do not exhibit the angular 
form mentioned by Butler (1, 261-2). The lesions are purplish-red some- 
times showing no differentiation into zones but commonly having light 
gray centers. The grayish centers are not confined to large lesions but are 
exhibited as well in lesions not more than one millimeter in diameter. 

The lesions vary in size from .5 to 4 millimeters in diameter, the average 
falling between 3 and 4 millimeters. 

In a very few instances the diseased areas coalesce and form large 
irregular patches limited by the leaf veins. 

1 Tlio following note concerning the taxonomy of this i)lant is insc'rtoa so that con- 
fusion of host plants will bo avoidf'd to some extent. P1ia,scohis aurens Roxb. is synony- 
mous with Phascohis radiates, the non-lAnnaean species. Phascolus rndmivs, the Lin- 
nacan species, ivS commonly kiiowm as urd in India according to Watt (4, 880-2). 
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The lesions wliile very pronouneed on the ni)per surface are barely 
dis(*eriiil)le on the lower surface of the leaf except in advanced staj^es. 

On the pods : 

Pods which have reached a length of about 6 centimeters are seriously 
attacked. The younger pods a[)peHr to be free from the disease. 

The pods sliow all decrees of attack from a few spots on each to a solid 
blackening and killing of the entire growth. l>oth young and old spots 
are dark j)urple. 



Fkj. 1 . I)isoas(Ml loaves showing typical spots on Fhasroliii: a art as Ro^h. caused hy 

Cd'cospora critcaia Sacc. 

In very severe attacks the seeds within are f)arasitized and become 
shrivelled and darktuied. 

On the stems: 

The lesions on the stems are not so common as those on the leaves and 
])ods, yet they may be found in considerable abundance. 

The young stem lesions first appear as slightly darkened areas with the 
long axis of the lesion parallel to the long axis of the stem. Later the 
spots become darker and finally of a purplish color. Frequently they 
reach a length of 4 centimeters in the longest dimension. 
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DISTRIBX^TION 

The (lislribnticm of this disease in tlie Philippine Islands is wholly 
unknown. No ])revious mention of its a])pea ranee has b(?en made to the 
writer’s knowledge and at present it appears to be confined to plantings 
at the Colh'ge of Agriculture, Los Banos. 

E(’()NOMI(' IMPORTANCE 

The destruction due to this disease is remarkable. One hundred per 
(-eut of the leaves, both young and old, were attacked and exhibited fioin 
10 to 50 lesions per leaf. 

In one portion of the planting which embraced about one hectare, many 
leaves had fallen and fretpiently but two or three remained attached to 
each ])lant. In other ])ortions the attack was less serious or at least the 
result was less serious, for the leaves persisted although thickly eovt^red 
with diseased spots. 

The pods as avcU as the leaves were .seriously ])arasitized especially if 
they had developed to any degree of maturity. Seventy-five ])er cent of 
the pods containing i)artially formed .seeds were attacked but young ])ods 
remained uninjured. In a few ca.ses seeds develo])ed to maturity but in 
the main they dried up either due to the di.seased condition of the ])od or 
less freciuciitly due to invasion by the caasal organism. 

The spots on the stem were not .so numerous as those on the leaves and 
pods and the direct damage by them was of little importance. 

CAUSAL OR(iANISM 

The organi.sm responsible for the leaf si)ot disea.se of PhaseoUis aureus 
has been identified as Ceirospora crueiiia Sacc. which cau.ses leaf spots on 
various species of beans. Butler (1) reports as follows concerning (Ur- 
cospora cruenfa : 

‘‘The (•()ni(lioi)liou*s emerge in clusters tliiougli the stomata. They are blown, m'|)- 
tute, wuth kuee-bemis maikiiig the iiiseition of fallen sporevs, us is usual in this gmius, 
about 50 to 100 micra long by 4 to 0 micra broa<I. The conidia are borne terminally but 
the stalk continues to grow at one side so that the .spores uie jiu.shed over und full off. 
They ute vuriable in size, from 50 to 140 by 4 to 5 miciu, elongated, tapering above, with 
2 to 8 sejita, straight or slightly curved, and almost coloilc'ss. ” 


The conidiophores of the Philippine organism measure from 55 to 91 
micron.s in length and are 3 to 5 septate. They are typical of Cercospora 
conidiophores arising from stomata. 

The conidia are hyaline, straight or slightly curved, obclavate, and 
measure from 51 to 135 microns in length by 6 to 9 microns in width, and 
are 3 to 7 septate. 
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INOOULATION EXPERIMENTS 

Pure cnltiims of (Jcrcosponi lussonicnsis Sacu*. Avoro obtained from 
Phasvolus Innatus. Inoenlations with these eiilinres Avere made on Phase- 
olus aureus. Very interestinjr results were obtain(‘d Avliieb appear to bear 
direetly on the elassifieation of these two suf)i)osedly distinct ])arasites. 



Ik;. 12. (Vmidiopliorcs ('oiiulia of Cncosiioia cnKiila Sacc. fioiii P. (iiotus Roxb. 

Drawn b\ ('. (\ Nacoiii with the aid of camera lucida (X d()0). 

Ekj. .*>. (Am idiophori’s ami eonnlia of Cn cospoKi lus.'sotncnsi.s Sacc. fiom jntificial iiiocni- 
latioM on P/ias(oJ(us anxus Hoxli. |)unMi }»y (" (’. Nacioii with th(‘ aid 
of the camera lindda (X 

Tlie inoculations Avere made in the field on younj^f leaves in the folloAvin^ 
manner: Leaves Avere aa ashed Avith mercuric chloride, 1-1000, and rinsed 
Avitli sterile AA^ater. A mass of spores and mycelium was then removed 
from a pure culture and jilaced on the u]>per surface of the leaf. A Avax- 
paper bap: containinp: a small amount of Avater-saturated cotton Avas then 
tied over the leaf. 

ObserA'ations at the end of one day revealed no lesion. At the end of 
the second day, however, a distinct, small lesion was found. After four 
days the leaves were removed and it was found that they bore mature 



356 


Ph YTOPATIIOI iO(}Y 


[VOL. 14 


conidia on the imd(‘r surface of the leaf. That the spores were borne on 
the under surface when the inoculation was made on the upper side of the 
leaf precludes all ])ossibility of observing spores formed by the original 
inoculum. 

The conidiophores measured 78 to 99 microns in length and exhibited 
4 or 5 septations. 

The conidia were nearly hyaline and measured 100 to 110 microns in 
length and exhibited from 8 to 11 septations. 

The lesions did not api)ear similar to those which are naturally found 
on P. aureus. 7''hey were ashen gray in the center, yellow bordered. 

Whether these two fungi are identical or not is a matter of si)eculation 
but it has been shown ])reviousIy that tlu^re is a common variation in host 
reaction, at least with different species of host plants. The apf)earanee of 
a lesion iji a lai'ge measure, is due to the reaction of the host to the irritant 
rather than to any f)articular pro])erty of the causal factor itself. 

TJie following table giv(*s the comparative eonidi()j)hore and conidial 
measurements of C. lussanirusis on P. lunafus, of (\ lussorneiisis and C. 
ervenia on P. aureus. 

TAJUiE 1 . — ('owparaitvi coruhophorr and comdud measurrnants on Vhasiolns hnnitus 

and Fhanrolns an was. 



Ooni(lioi>lioi 

os 

Conidia 



Eoiigtli 

Sojitatiou 

L(‘ngtli 

Soptation 

C. 1 assofiirnsis 

IIO-L’21 

5-0 

50-101 

LM) 

oil F\ lunaius 



*;’»5-45 

*5 

**Ct rco.spora sp. on 
Viffna sint nsi,s 

70-<SI) 

8-0 

121-70 

5 5 

C. liui.sonicnsts 
on P. Ian at as 
(Inoculation) 

7.S-08 

4-5 

100-110 

8-^11 

C. craciita on 


.j— 0 

55-155 

♦»— 7 

P. a an as 

***50-100 


***50-140 



*Aftor 8a(*('}iT(lu, ** Roinkiiig, and *** Butler. 

The conidiophore and conidial measurements as reported by Saccardo 
in his original descrij)tion and those obtained from Los Banos material 
show a striking discrei)ancy. The season of the year when the Saccardo 
material was collected is not recorded but it is likely that it was obtained 
during a period of rather slight precipitation. The measurements which were 
made by the writer were obtained from material collected during the rainy 
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season. When collected during: the drier seasons of the year the lengths 
are considerably less. 

The conidial measurements obtained from inoculation of P. aureus Avith 
(I Jussonievsis are not sufficiently different from those obtained on tlie same 
host from natural field infection to make it i)ossible to state that the organ- 
isms are morphologically distinct. The writer has found that moisture 
effects the length of conidiophores and conidia to a groat extent and so it is 
very understandable that the larger size of the si)ores obtained from arti- 
ficial inoculation may be due to the higher moisture which is present under 
conditions of artificial inoculation. 

(’ONTROL 

Several experiments luiA^e been performed in an attempt to control 
Cercospora diseases of Coffca sp., Arerrhoa caratnbola, and Sfflannui 
mvhnujvna. in each instance successful results were obtained and in ex- 
p(‘rimen1s where liordeanx mixture was applied every two w(*eks for no less 
than fiv(* applications, there was nearly absolute control. As the leaf spot 
of Pluiscolus aureus is caused by a (Vu’ospora and as the dis(‘ase parallels 
1hos(» experimented with it is reasonable to conclude that Bordeaux mixture 
wh(*n ap])lied at the intervals suggest(‘d above, will snccessfiilly control the 
disease. 

This recourse, how(*ver, is not recommended for Bordeaux mixture re- 
(piired in spraying a ci’op such as the one under discussion is very exi)eTisive 
and the cost involved would be in excess of the value gained ])y the increase 
in yield. 

Butler ( 1 ) suggests the development of resistant varieties. This solution 
must he accomplished if j)resent cultural practices are not abandoned. 

The disease on Phaseolus aui'ciis has been noticed only during ])eriods 
of heavy rains. If this is always true, a possible solution of control, lies in 
making plantings at that time of the year when rainfall is slight. These 
beans grow well in any season. 


summary 

1. A leaf si)Ot of Phaseolus aureus has appeared in the plantings at the 
College of Agriculture, Las Banos, P. 1. 

2. The disease apj)ears to be caused by Ccrcospora eruenia 8aec., which 
is responsible for leaf spot diseases of various species of beans in the United 
States, India, Ceylon, and China. 

3. The disease is very serious and inhibits })od development due to 
defoliation or partial destruction of the pliotosynthetic area of leaves. 
About 100 per cent of the leaves and 75 per cent of the older pods are 
attacked. Stems are less frequently paravsitized. 
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4. Inoculation experiments with pure cultures of Ccrcospom lussoniensis 
on Phaseohis aureus i)ro(lu(‘es symptoms sliftlitly different from those caused 
by Cercospora crueuUi. ('onidiophorcs and conidia were of approximately 
the same length and appeared very similar. A close relationship between 
these two species of ( 'ercospora is suj?{?ested. 

5. While it is believed that Bordeaux mixture will successfully control 
the disease, it is not recommended because of the cost involved. Resistant 
varieties and a chanjye in cultural practice are suggested as i)ossible means 
of combatting the disease. 

University op Wis(\)nsin. 
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Fkj, a. (Upper.) Photograph of a field of boaos (Phascolus aureus) takc'ii about 
the first of September, 3921. This photograph was taken to demonstrate the vij»or and 
prolilieness with which this crop grows in the Philii)i»ines. 

P. (Lower.) A photogra])h of a small section of the same field made about the first 
of November of the same .year. The plants aie nearl.y d(*foliated. The jiods were 
seriously diseased and the entire crop was an utter loss. 




«IiMULTANEOrS Sl'EVKYS F()I{ STEM KT'ST; A JIETIIOI) OP 
JvO(lATIi\(i SOERCES OP INOOrLEAl 

E. M. F l; E E M A N AND E. W . Mei.andei; 

Wjtii Oa\e FKjruE i\ the Text 

INTRODUCTION 

11 is ()])vions to anyone familiar with the details of oj)eration in the bar- 
berry eradieation eain])aijj;;n that one of the most diffieult i)roblems is to 
loeate the last Jew bushes, those lew strajijj^'lers or seedliiif^s that have es- 
caped all efforts to find them. It is highly im]Kn‘tant not only that these 
bushes finally })e located and destroyed but that they be located and de- 
stroyed at the earliest possible moment. Tliere is always the potential factor 
of an early start of the rust from such bushes and furthermore there is the 
(‘crlainty that these bushes, if not eradicated, will s])read ])arbcrries to the 
ad,ia(‘ent territoiy tlirou^h seed formation. As lonj^’ as sncli bushes remain, 
the final effect of eradication can neitlnn* be determined nor realized. 

It also is obvious that a m(‘re repetition of the orij>;inal methods, viz., 
survey and I’csurvey, would ])e expensive and could not liope to ^ive corn- 
j)let(‘ eradication in the imme<liate future. Nurnei’ous cases liave been re- 
corded in the present campai^’u in various slates where l)arberries have 
})een located 1hr*ou|Lj:h the local epidemics whicli they have ]>i*oduced. Can 
tins metliod now' be ap])lied jienerally in those lar^e regions or states wdiere 
the whole arc'a has been (completely surveyed and ivsurveyed? If such is 
tli(‘ case it would offei* an inexpensive method of eradication and at the same 
time a pi' 0 (*edure convincing’ to tlie farmer and the juiblic at ]ar!i»‘e. 

METHOD STTJCESTED 

Th(‘ following su^p:(‘st ions are made in order to stimulate a study and 
t]*ial of such a method foi* the ‘‘cl(*an-up” in barberry eradication. It is 
proposed that simultaiu'ous siirv(»ys be made over certain areas of fairly 
uniform nature at a time in the year when the incijhenl local ej)idemics 
can be detected and before th(\se local epidemics have had time to coaltvsce 
or to become j^eiiej’al. If such surveys can be made with sufficient thorouji^h- 
ness and over sufficiently larj>’e areas it seems ivasonable to assume that the 
remaininfi: barberry bushes may be rapidly located. It also is ])ossible that 
the findinf*s may follow a descendin*? order of the rust -producing: potentiali- 
ties of the bushes. That is, the ]ar<?er plant inf?s or bushes and those bushes 
in strategic, positions for rust production may be ex]) 0 cted to be amonj? the 
first bushes found. 

The su^j^ested method would ro<tuiro a considerable force of men avail- 
able in a given area on the same day or during a short ])eriod of days. 
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The time for makinjz: the surveys would need to be carefully selected for 
each area and should coincide with the occurrence of the local ei)idemics but 
should occur before the infection in the area is general. County agents and 
others interested in the rust problem probably could be enlisted for the 
work. The survey would include the collection of as many typical samples 
of small grains in as many localities as possible so as to cover thoroughly 
the whole area. No vsearch need be made at this time for barberry bushes. 
The samples, marked accurately for locality, would be assembled at one 
central point, th(^ rust f)ercentagc determined, and the areas represented 
would be mapped. Any areas consistently rusted could then be further in- 
vestigated by the eradication forces for the location of possible bushes. The 
records for one year would be of great value in the succeeding year if rust- 
producing bushes cscaj)ed detection in the first year. 

Perhaps the most puzzling detail of the suggested surveys would be the 
determination of the size of the area to be covered. If, for instance, the 
area included the southern hall* of the State of Minnesota with a corre- 
sponding area extended through the State of South Dakota, the field organi- 
zation would have to be large and the survey could not be expetded to ])c 
as com])lete as in a smaller area. Small local epidemics might easily be 
overlooked but, on the other hand, large sources of infection might [)erlia|)s 
be located and such areas could then be thoroughly studied. If the surveys 
were (‘onfined to a small group of counties the chances for the deteedion of 
small lo(*al epidemics would be better. The area covered, howevei*, would be 
comparatively small and progress would be slow. An experimental test of 
both methods undoubtedly would yield valuable results for future use in 
barbe i*ry eT*a dicat ion. 

The simultaneous suiweys method is of course not new. It has been 
used in Hlister Rust Pradicatiim by Spaulding {V. S. I). A. Bull. 1 Ifi, pp. 5), 
and others. It does not follow that it can certainly be applied to barberry 
eradication in all areas sucli as the great plains region. If, however, it can 
])e used it may furnish a much needed means for the final eradication ])i’oc- 
ess, and it is of utmost ini])ortance that the barberry eradication be com- 
pleted at the earliest possible moment. 


KKSri.TS OF OLAV OOX^NTY SUKVK.YS 

Jn order to test the i)ossibilities as well as the numerous ])roblems in- 
volved, simultaneous surveys were made on July 30, 1923, in Cfiay County, 
Minnesota, where bla<‘k stem rust is a destructive disease of wheat and 
other small grains. At this time a fairly severe epidemic was general in 
northern Minnesota and Noi-th Dakota. Clay County measures 30 miles 
east and west by 30 miles no7*th and south. It was separated into five areas 
as shown by dotted lines in figure 1. Each of these areas was surveyed on 
the same day by one crew of two experienced men. Each crew spent the 
whole day in a trip through its assigneil area and collected typical samples 
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of rusted Marquis wheat (tlie standard wheat of tliis section) from as many 
fields as possible. A (tareful record of the location of each collection was 
made and notes were taken also on the topograf)hy, weeds, and other factoi’s 
which might influence the severity of rust. The collectors also recorded 
their estimate of the percentage of rust in each field from which sanqfles 



/nfecfion on Marquis Wheat 



Heavy Medium Liqht 

Ekw 1. Mai) (lay Eouiity, Mum., sliowing Tclativo w(*vciity of rucaina (jmniiiws tntici 
on Marquis wlioat, July JO, lOl’.'). 

were taken. The samples were brought to one cential point and an estimate 
of each sample was made independently by each of three men who had had 
long experience in cereal-rust investigations. The estimates of these men, 
together with the field estimates of the collectors, were averaged and J‘e- 
corded as a basis for ])lotting the map (Fig. 1). 

In all, 173 JMarquis wheat fields wxre examined. The average mean i)er- 
centage of stem rust was 39.86 zh .91 per cent. The rust estimates were 
divided into three classes, 0 to 20 per cent indicating light infection, 20 to 
30 per cent moderate infection, and over 50 pei* cent, lu'avy infection. 
These classes were used in plotting the relative degrees of infection on the 
map. 
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It is obvious that there were eonsistent differciiees in the severity ot* rust 
in the different areas oi‘ the county. Jt was not the object of the surveys 
to determine tlie f)robable location of barberries, inasmuch as the rust infec- 
tion had become general over the whole region and the grain was about to 
be cut. It was realized that such surveys for the location of barben’ies 
would have to be made at least several weeks earlier. It is a significant fact, 
however, that even at such a late date as the opening of the wheat hai'vest 
there are considerable and consistent differences in the rust severity in such 
an area as that examined w^here the conditions are as uniform as one could 
reasonably expect to find. Clay (bounty lies in the lied River Valley and 
consists almost entirely of very fiat prairie land with uniform soil. The 
types of rai’ining, varieties gr‘own, and other conditions also are (luite uni- 
form. While no correlation can safely be drawn in these surveys l)etween 
rust infections and barberry locations, it is not imj)ossible that preseiu'c of 
barberries might satisfactorily explain the rust differences, if all locations 
were known. The immediate xxhnt of interest is that with a w^ell-developed 
and widcs])read general ei)idemic in an area of remarkably uniform condi- 
tions, simultaneous surveys showed consistent local differences in the ]*ust 
attack. The results at least lend encouragement to the suggestion bu* simul- 
taneous surveys in the location of barberries. 

CKHK.Mi AND GKASS INDICATORS 

If simultaneous surveys of grain rust are to be undertake*!! foi* locating 
the straggling barberries, the cereal and grass hosts also should be carefully 
considered. Some results obtained in Minnesota during the summei* of 
1923 indicate that, at least in some years, wdnter rye may lx* a valua])le indi- 
cator. The occurrence of the black stem rust on rye* has been successfully 
used to locate barberries. Inasmuch as (juack grass is vso uniformly dis- 
tributed and so abundant in the uppei* Mississif)[)i Valley, the]*e usually 
exists abundant teliospore inoculum of Puccima yraviinis sccalis. jMore- 
over, the comf)lication of windblowui urediniospores from the South is ])os- 
sibly less in rye than in wheat as rye is grown only locally south of ]Minne- 
sota and Wisconsin. The primary source of the rye JTist i!i a given locality 
])robably is more freciuently confined to the bai*berr>' than is tin* case in 
wheat. If this be true, rye may be found a valuable indicator of barbeny 
locations. The possible use of Agropyron repvns. Horde um jiihaium, and 
other grasses as indicators ought also to be ke[)1 in mind in solving the 
problems of the possible use of the sinndtaneous surveys in locating scat- 
tered barberry bushes. 

Minnesota Agric. Expt. Sta. and 
Bure.an of Plant Industry, 

Washington, T). C. 



RUST RESlSTAXCn^ IN TIMOTEY 


H. J). Haiikek and H. K. Hay ESI 2 
With One Fiuuke in the Text 

INTRODUCTION 

Eayos and Stakinaii (6)-' have pointed out the desirability and possibil- 
ity oi* developing varieties of timothy resistant to the timothy rust, Pnccuiia 
(jramhiis phlriprafrnsis (E. and E.) Stak. and Picm. Rut it is not known 
whether this rust form consists of several })arasitic strains. Since the 
oeciirrenee of such strains has been shown to be important in the problem 
of developing? varieties of cereals resistant to stem rust, it seemed desirable 
to investigate this phase of the problem ol* developing? resistant varieties of 
timothy. Furthermore, it is clear from the work of Biffen (2), Pole Evans 
(d), Hayes, Parker and Kurtzweil (5), Aamodt (1), and others, that the 
mode of inheritance of rust resistance is not the same in all eases. It is 
highly desirable, therefore, to obtain data on the mode of inheritance of 
resistance to timothy rust. The pre.sent paper, therefore, concerns itself 
larf?(*ly with these jdiases of the jiroblem. 

MATERIALS AND METHODS 

In 1916 a timothy nursery was started on Univtu’sity Farm, St. Paul. 
Eleven of the better ('ornell selections and six of the better Minnesota 
s(‘lections were ])lanted. Each selection was studied by the individual plant 
method in 1917 and data were taken on heif?ht of ])lant, erectne.ss, length 
of head, number of tillers, yield of hay, and rust resistance. The results 
of this study for 1917 ha\'e been published (6). 

The winter of 1917-18 Avas Ax*ry seATw and almost all the jilants in the 
entire nursery Avinter-killed. In the fall of 1918, open pollinated seed was 
saved individually from several plants Avhich survived. The seed was 
])lanted in the j?reenhouse in the spring? of 1919 and 88 .seedlings of each 
selection aatt’c transplanted in the field. They Avere planted in rows .‘1 feet 
apart, the plants beinf? spaced 12 inches apart in the roAv. The sinf?le roAv 
plots were replicated tAvice. During? three seasons data Avert* obtained on 
yield, f?roAvth habit, etc. 

1 Pul)lishrd with the H])proA’al of the Birector as Paper No. 475 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 

2 The work was clone as a part of a project on the production of disease-resistant 
varieties of field crops carried on jointly by the Section of Plant Pathology and the Sec- 
tion of Plant Breeding of the Be]>artmeut of Agriculture of the University of Minnesota. 

3 Reference by nninber to ^‘LiteraUire Cited,'' page 370. 
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Jn 1919 a heavy rust epidemic was induced by spraying with uredinio- 
spores collected near St. Paul, and the resistant plants in five of the most 
promising selections were increased in iwsolated plots. Several individual 
plants, with varying d(‘grees of rust, resistance, were selected, and 25 
bulblets from each were propagated in the greenhouse. These clonal lines 
were used as possible differential hosts in determining the presence of 
biologic forms of timothy rust, and self -fertilized lines and crosses were 
used for studying the inheritance of certain charact(‘rs. 

Some of the effects of self-fertilization and the method of securing self- 
fertilized se(‘d have Ix'en described previously by Hayes and Barker (4). 
Crosses W(u-e obtained in somewhat the same manner. Three jdants of 
each of two clonal lines were sej)a rated from other timothy plants in th(i 
greenhouse by means of cheese cloth partitions. This was repeated in the 
field by i)lacing the same number of plants in isolated groups in the small 
grain nursery at some distance from other timothy plants. Only those 
])lants of the two clonal lines to be crossed were i)lac(Hl together. Since 
certain lines proved to be almost comphdely self sterile, it may be pre- 
sumed for practical pur])oses that any seed set by such lim‘s are the result 
of cross fertilization. The crosses studied are obtained from seed produced 
in the crossing plot from self sterile lines. 

LXI'ERIMENTAL RESULTS 

Table 1 i)resents data on the various lines, each of Avhich is the progeny 
of a single open pollinated plant which survivenl the winter of .1917-18. 
A few lines, for example T 1 and Til, wei’e almost comph'tely siisceptibh', 
while there were no lines which appeared to be completely resistant. There 
was some evidence that resistance might be a Mendelian dominant. 

As ])reviously described, a number of clonal lines were established by 
propagating individual ])lants vegetatively. For instanee, clonal line 
T 30-30-9 was obtained from culture No. T 30 (a selection from Cornell No. 
1777), row^ 30, plant No. 9. 

Stakman and Piemeisel (9), Stakman and Levine (10, 11), and others, 
have demonstrated that Fuccinia graminis iriiici Erikss. and Henn. in 
reality consists of many biologic forms wdiich differ in their pathogenicity 
for certain varieties of wdieat. This has shown that the ])roduction of 
varieties of wdieat resistant to stem rust is a complex problem. Stakman, 
Levine and Bailey (12) have showm that P. graminis avenae likewise con- 
sists of several forms or strains. In order to ascertain whether the same 
might be true of P. graminis phleipratensis, several clonal lines showing 
varying degrees of susceptibility to rust w^ere used as possible differential 
hosts and inoculated wdth collections of timothy rust from various localities 
in the Fnited States and Canada. For this i)urpose clonal lines have certain 
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TATU.E 1. — N'lirttcry U\H of rust lasistancf; in timothy tn rdtihon to other chnractos 
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» Rust resistant plants in these selections wore given Miniu'sota numbers and in- 
creased in isolated jilats for further tests. 

2 U = upright; P — })rocuinbcnt; U to P — approaching ujiright; P to U rr: a])- 
proaching procumbent. 


advantages and certain disadvantages. Vegetative propagation eliminates 
the possibility of variable results due to natural crossing or mechanical 
mixture of seed. This is perhaps more than offset by the variable growth 
conditions at the time of inoculation. Seedlings may be inoculated at 
approximately the same stage of growth; it is more difficult to get plants 
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of a clonal lino of timothy at the same stagre of j?rowth. The vegetative 
condition and vigror of the plant modified the character of the nredinia 
produced to a marked degree. In addition to this, the rust classes 
as recognized by Stakman and Levine (10) for stem rust of wheat 
are not so sharply defined on timothy. Jn no case, however, did a resistant 
plant become completely susceptible, nor did the susceptible ones become 
resistant. The results presented in table 2 are based on the average type 
of infection for a given strain of rust on the clonal line concerned. Certain 
collections of rust were lost, due to adverse conditions at the time of trans- 
fer, before they could be tried on all clonal lines. Jn these cases, not all of 
the observations are based on re])eated inoculations. It was thought that 
since these, on the basis of the observations made, were in general (conform- 
ity with those collt*ctions upon wdiich more complete data were obtained, 
they might all be presented for whatever value they may ])ossess. 


TABLE 2. — Inoculation experiments to determine the presence of hiolopic forms of 
Puccinid grammis phlevprait nsis {E, and IT.) Stal. and 
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1 Rust ('olloctions from (kiurtonay and from Edmonton wore furnisliod by Dr. E. C. 
Stakman, from Lafayott(! by Dr. E. B. Mains, from Ithaca and Lowcvillo by Dr. R. 
S. Kirby. 

2 Tho symbols used to express tyjics of reaction are adopted from those used by 
Stakman and Levine (10). Since, however, hypersensitiveness and chlorosis are not so 
sharply defined in timothy as in wheat, more emiihasis is placed on siz(‘ of uredinia. In 
Ihe field tests the plants are listed as susceptible or resistant. 


Prom table 2 it appears probable that, on the differential hosts inocu- 
lated, the various collections of rust are practically identical. While this 
test does not prove that biologic specialization does not occur in P. graminis 
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phleipratensis, it itidicatcs that these clonal lines probably would be highly 
resistant in widely separate localities. 

More extensive tests should be made tor the presence of biologic spe- 
cialization in timothy rust. If none is found in this form, it may be quite 
significant with respect to the origin of biologic forms, because this rust 
apparently cannot produce aeeia on barberry (7, 8). 



Fj(J. J. Illustrations of i ust-rcsistance ami iiist-susc*e})tibility of timothy plants: 

A — V'arious types of infection winch were recorded as susceptible. 

— ^’'arious tyy)cs of infection which were recorded as lesistant. 

Note that very sharp hypersensitive aieas do not appear in timothy. Resistant ydants give 
small pustules which are not confluent. Marked chlorosis is usually, but not always, 
associated with resistance. This chlorosis may appioach distinct hyperseusitiveness. 

The seed of various self-fertilized clonal lines and of crosses between 
certain of these clones were secured by the plan described under Materials 
and Methods. The selections were planted in the greenhouse in the sjiring 
of 1922 and inoculated in the seedling stage with urediniospores collected 
near 8t. Paul. Ten days after inoculation, notes were taken on each seed- 
ling plant. The character of the rust reaction upon which these were 
classified as resistant, or susceptible, are illustrated in figure 1. The results 
of the inoculations are summarized in table 8 : 

The results presented in table 3 indicate quite clearly that the inheri- 
tance of rust resistance is here dependent u])on a single pair of genetic 
factors, giving approximately three resistant plants to one susceptible. 
Resistance is clearly dominant, because, although there was considerable 
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variation in the resistant ty})cs, there was little a{)i)roaeh to an intermediate 
condition (See figure 1). 

Groups 1 to 16, inclusive, are each the progeny of clonal lines, which 
have been selfed in the greenhouse or in the field, according to the methods 
described. AVhere seed was obtained from a clonal line by growing vege- 
tatively propagated jdants in an isolated plot in the small grain nursery, 
and also from the same line by being self-fertilized within cheese cloth 
partitioned bootlis in the greenhouse, the results are not in general different. 
There is one excei)tion, however, in grou]) 4. The ratio of resistant to 
susceptible is mon^ nearly 1:1 than 3:1, possibly indicating that this 
clone was not sutifieiently isolated in the held and that the seed produced 
was almost completely the residt of cross pollination with suscei)tible un- 
seleeted plants — some escaj)ed, or “wild” plants were evidently nearer this 
plot than was realized. All of the other “self-fertilized” clones conform 
about as closely to exj)(‘cted results as might b(‘ anticipated uf)on the basis 
of the numbers concerned in each case. The crosses, groiij)s 17 and IH, 
fall well within the expectation. 

(Trouj)s 20 to 27), inclusive, are from the increase ])lots as described in 
the loot-note 1 of table 1. Each of these increase plots consists of several 
r<‘sistant i)lan1s from tin* selection number indicated. ('Ouse(|uently, the 
seed produced is perhaps in ])art the result of self-fertilization and in i)art 
inter-fertilization of the resistant plants of this selection. It is interesting 
to note that the reaction of the seedlings of each of these groups api)roxi- 
mate very closely a 3: 1 ratio. 

On the basis of the tests recorded in part in table 3, further selections 
for desirable ty])es of timothy homozygous for rust resistance, and possess- 
ing as much self-fertility as possible, is being continued by the Minnesota 
Experiment Station. 


SUMMARY 

1. Preliminary breeding tests of various selections of timothy for rust 
resistance indicated that certain selections were (piite resistant to rust. 
Some selections consisted almost entirely of resistant plants, others po.ssessed 
few, or no resistant plants. The large number of resistant plants in certain 
selections suggested that resistance might be a Mendelian dominant. 

2. On the basis of the field test, further selections were made. This 
included several clonal lines from which self -fertilized seed was obtained 
and certain crosses were made. 

3. Various clonal lines WTre inoculated with collections of timothy 
rust from different localities in the United States and Canada. No definite 
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evidence of biologic specialization of Puccinia graminis phleipratensis was 
found, although more experiments should be made. 

4. The fact that the resistant clonal lines of timothy were resistant to 
rust collected from widely separated localities lends encouragement to the 
production of rust-resistant varieties. 

5. If no biologic forms of P. graminis phleipratensis exist, the fact may 
be of considerable significance in connection with the origin of biologic 
forms. 

6. Inoculation exp(‘rimenls on seedlings j>r()duced from self-fertilized 
clonal lines, and from crosses between clonal lines, indicate that resistance 
or susceptibility in the selections of timothy studied is dependent upon a 
single differential factor i)air. Pesistance appears to be a dominant, and 
a close approximation to a 3:1 ratio was obtained in the ])rogeny of self- 
fertilized resistant plants. 

7. The facts i)resented in this ])aper indicate that the production of 
varieties of timothy, which will be resistant to stein rust in different regions, 
may be accomplished rather easily. 
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WITCHES’ BROOM OF POTATOES IN THE NORTHWEST 


C li A S. W. H U N G E U F O 11 D AND B. F. 1) A N A 1 
With Plate XXV and Four P'iguhes in the Text 

INTRODITCTION 

During tlie summer of 1923, an unusual disease of iiotatoes has been 
reported throughout the Pacific Northwest by various plant pathologists and 
others concerned with the certification of seed potatoes. The disease, which 
has been noted on all the commercial varieties growm in this section, is ap- 
parently very similar, if not identical with, the one figured and very briefly 
described by Bisby and Tolaas (1) as occurring in Minnesota. They have 
called the disease witches’ broom and, as the name seems ajiiiropriate for 
the disease which w^e are describing, we have retained it. 

The meager amount of information available concerning the trouble and 
its widespread occurrence the past season has made it seem desirable to 
prejiare a preliminary note giving the residts of observations made by the 
authors and others. The data given are largely observational. Experi- 
mental work to determine the nature of the disease and its jiossible relation 
to other diseases of the potato has been startetl. The data heridn })rescnt(*d 
include not only observations made by the writers, but also notes relative to 
the occurrence of the trouble furnished by Prof. H. E. ]\Iorris of the Mon- 
tana Agricultural Experiment Station, Mr. E. R. Bennett of the Idaho 
Agricultural Extension Division, and Mr. J. E. Currey of the Washington 
State Department of Agriculture. 

The symptoms of the disease differ in many respects from those of any 
disease with which the authors are familiar. Indeed, the ai)j)earance of the 
diseased plants is so striking that growers have readily recognized it as a 
separate disease. However, as it has not yet been i)Ossible to complete care- 
ful experimental work and as the cause has not been determined, we do not 
claim that the disease may not be an unusual manifestation of some known 
trouble or an unusual combination of known troubles. 

OCCURENCE AND DISTRIBUTION 

Witches’ broom has been given very limited attention by writers dis- 
cussing potato diseases. Whipple (8) pictures a “yellow top degenerate” 
which is apparently identical wdth one phase of witches’ broom. He further 

^ Published with the ai)proval of the Directors of the Washington and Idaho Agricul- 
tural Experiment Stations as Scientific Paper No. 108, College of Agriculture and Ex- 
periment Station, Pullman, Washington, and Eesearch Paper No. 27, College of Agricul- 
ture and Agricultural Experiment Station, Moscow, Idaho. 
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pictures and describes the progeny of such a hill which is similar 1o j)roj?eny 
of witches^ broom plants developed by the writers. Tuber development de- 
scribed by Whipple for the ‘‘yellow to]) defrenerale^’ is very characteristic 
of witches’ broom and leaves little question but that the two diseases are 
identical. 

Bisby and Tolaas (1) barely mention witches’ broom of the potato as 
of rare occurrence in INlinnesota and su"^esl that it may be similar to 
spindling? s])rout which is said to be rather uncommon with them. These 
writers i)icture this disease and also the spindlirijr sprout, makinjjc it evident 
that the witches’ broom they studied was the same as that occurrin<? in the 
Northwest. 

Cutler and Sanford (4) and Coons and Kotila (3) also consider witches’ 
broom as associated with sjiindlin^ s])rout. Professor (^utler, in a letter 
dated danuary 24, 1924, states that witches’ broom was not common in his 
district, (’oons and Kotila do not consider the disease of commercial im- 
portance as it eliminates itself by reduction in size of tubers. 

This same disease was observed by Dr. F. D. Ileald in 1917 at Pullman, 
Washinf?ton. but at that time he did not differentiate between it and tlie 
effects ol* Ivhizoctonia which was abundant on the under^rown parts of the 
affected ])lants. No special study of the disease was made and no further 
occurrences of the trouble in Washinjrton were noted until the s(*ason of 
1923. 

These meaner re])orts are sufficient to jxive basis for the belief tliat this 
diseas(‘ has occurred occasionally in seed stocks and was considered a mani- 
festation of “runninjr out” or was confused with other diseases. Study 
has ])robaby been limit(*d because of the fact that diseased hills usually 
produce very f(*w tubers and self-extinction of severely diseased stocks is 
sudden and com])lete under ordinary conditions. 

During? the summer of 1923 the disease occurred ])romiscuously through- 
out the Northwest in certified and non-certified seed stocks. (Growers and 
ins})eetion officials have been interested in the disease because of its dis- 
tinctive* sym])toms. Excellent opportunity was offered for study by the 
api)t*arance of the disease in ex])erimental j)lots at the Washington and 
Idaho Experiment Stations. At both stations the disease has occurred in 
the field and greenhouse-groAvn selections used for the study of the leaf roll 
and mosaic diseases. The seed stocks used for these studies have been under 
observation for several years without any of the disease being observed. 

SYMPTOMS OF WUTCIIES’ BROOM 

We have noted two types of symptoms which in the light of present 
data we suggest may be primary and secondary symptoms of witches’ 
broom. The primary symptoms described are those ap])earing during the 
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growing: season and evidently developing subsequent to the infection of a 
normal plant with the disease. Secondary symptoms, or those appearing 
in plants produced from diseased seed, differ considerably from the primary 
symptoms and will be described separately. 

Due to the fact that the secondary symptoms were noted first, we have 
chosen to describe them before we take up the primary symptoms. 



Fio. 1. Extreme witches’ broom development on a Netted Gem potato {)lHiit. 


Secondary Symptoms from Diseased Tubers 

The characteristic bushy appearance of plants from infected seed has 
given rise to the name witches' broom. Tyjiical diseased plants are shown 
in figure 1, and plate XXV, fig. 1. As will be noted, every eye on the seed 
tuber must have given rise to a stalk and these in turn produced side shoots 
at every available bud. One of the most constant symptoms of this disease 
in all stages is the tendency for all buds, including those usually latent on 
a normal plant, to push into growth. 

The symptoms associated with the disease were studied in detail in dis- 
eased plants found in the experimental plots at both the Idaho and Wash- 
ington Agricultural Experiment Stations, and in various commercial fields 
throughout the two states. Opportunity was also offered to study the oc- 
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eiirrence of these symptoms in some volunteer potatoes on the Washington 
Experiment Station. Figure 1 is a photof?rai)h of a diseased volunteer 
plant. As may be noted in the fipfure, the nodes are somewhat enlarged. 
Tjeaf-petioles and stems are smooth and rounded having none of the angular 
eonformation of a normal j)otato plant. Leaf -petioles tend to be elongated 
and the leaflets narrow and s})aced some distance apart. The leaves, stems 
and flower clusters assume an upright position giving a very characteristic 
appearance to the plant. The production of flower clusters and the setting 
of seed balls is sometimes emphasized in such plants. The affected volun- 
teer plants were of large size and nearly as dark green in color as normal 
plants. The plants withered and died earlier than other vounteer plants 
in the same field. 



Fig. 2 . Prolonged stolon development with formation of successive tuhers on a 
Netted Gem x>otato plant. 

The witches’ broom plants developing in the experimental plots, although 
of the same variety, did not attain the size of the volunteer ])lants. The Coll- 
age was not so luxuriant and the color was distinctly yellowish. Plate XXV, 
fig. 5 shows j)lants of this character. They are similar to the i)lants pictured 
and described by Whipple (8) as ‘‘yellow top degenerates.” The symp- 
toms, otherwise, were similar to those described for the volunteer i)lants. 
All parts, however, were reduced in dimensions and the leaflets were some- 
what crinkled in appearance. The tendency to bloom and set seed balls was 
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often pronounced in plants of this character. This type of plant was 
observed in certified and non-certified seed stocks in which the disease had 
not been recognized the previous season. Essentially the same symptoms 
were exhibited under irrigated as under dry-land conditions and in some 
fields were found in as high as twenty-five per cent of the plants. Plants 
of this tyi)e retained their upright habit of growth until the period of rapid 
decline which was long before the normal ripening period for the field. 



Fkj. 3. Bliss Triumph potato showing excessive number of tubers produced on 
some diseased plants. 


The outstanding features of plants of this character were the yellowish 
color, and the increased number of shoots making appropriate the term 
witches^ broom. 

The production of aerial tubers took place on witches^ broom plants 
of the Bliss Triumph variety in experimental plots at the Idaho Station 
and were also noted many times on this variety in commercial fields. Plate 
XXV, fig. 1 shows one of these plants with the leafy aerial tubers on the 
lower hall’ of the stems. The other characters were similar to witches’ 
br(K)m described above. 

Aside from the symptoms on the foliage, the tubers in diseased hills 
also present abnormalities which are very striking. One notices first, that 
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the number ot' potatoes in diseased hills usually very g^reatly outnumbers 
those in healthy hills. As many as 200 tubers have been counted in a sinj^le 
diseased hill. Piji^ure 3 illustrates this condition. As shown by the photo- 
f^raph, these tubers are usually very small, varying^ in size from about as 
largre as a pea to the size of a walnut. KSome of these tubers develop net 



Fid. 4. tubers produced in the grcenliouHe on a Netted Gcni potatc) f»hint. 


necrosis similar to that found in leaf roll diseased stock, although this con- 
dition is not always [iresent. One condition which is very characteristic 
of the disease wherever it has been noted is the fact that the various buds 
of all the eyes of the tubers have a tendency very early in their develop- 
ment to start growth. Aerial tubers on diseased plants quite uniformly 
produce leafy growths at the eyes. Tubers produced under ground have 
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been found with half a dozen stolons growing out of the eye end. These 
stolons often produced more tubers which sprout in turn forming a series 
of small tubers on the stolons in a manner resembling a chain of beads. 
Sec figure 2. ]\lany of these elongated stolons later reach the surface of the 
ground and develoj) leafy -shoots coming up around the main plant thus 
covering the ground with a bushy grow^th several feet across. The appear- 
ance of such a i>lant is very striking. A farmer once remarked to one of 
the authors that these potatoes must have become crossed with quack grass. 
Nearly all of the wdtches^ broom plants observed showed this development 
to some degree. In many cases the original plant died, but the growtli of 
the surrounding shoots continued until killed by frost. Tubers produced 
by this type of })lants were usually formed near the surface of the soil and 
WT.re either leafy or produced short shoots at the normal position of the 
eyes. Such tubers did not mature by digging time and many shriveled in 
storage. 

The production of stolons from tubers before the end of the season has 
been observed to follow^ conditions where a period of abundant moisture 
and low^er temperature has followed a period of high temperatures and 
scarcity of moisture. In Eastern Washington and Northern Idaho such a 
condition })revailed in 1919. On the advent of moisture following the 
drought, the tubers produced stolons and shoots which pushed up through 
the soil. A similar condition has been described by (dinton (2) in (hm- 
necticut. It is felt by the WTiters that this condition is not related to 
witches' broom becau.se seed stock from these fields jiroduced normal plants 
the following year and the symptoms were by no means so extrtune in any 
case as in the witches' broom development. 

That witches' broom is transmitted by the tubers was conclusiviiy 
shown in some tuber unit plantings made at Moscow^ Idaho, in 3923. Plate 
XXV, fig. 5 shows three tuber units grown from .some Bliss Trium])h stock 
which was carefully rogued in 1922. The four hills in the lower righthaiid 
corner of the picture are from a diseased tuber, while those in the rear and 
to the left are healthy. Whipple (8) also calls attention to the fact that his 
“yellow top degenerate" alw^ays appeared in tuber unit groups. 

The progeny of .seriously diseased witches’ broom plants, wiien grown 
in the greenhouse, often have a spindling sprout type of growth. One to 
several thin shoots develop from each bud on the tuber. Growth continues 
to be retarded throughout the development of the plant under greenhouse 
conditions. Small aerial tubers are common on such plants while prac- 
tically no normal tuber production takes place. Figure 4 shows leal* char- 
acter and aerial tuber production on greenhou.se-growm progeny of wu'tches' 
broom plants. 
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The spindlirijy si)r(ml fij^iired by Stewart and Sirriiie (7) and by Stak- 
man and Tolass (6) does not ap]>ear like that described above because of 
growth taking: place from only a few buds. Bisby and Tolaas (1), although 
sliowing the same cut of spindling sprout as Stakman and Tolaas (6), sug- 
gest that it may be related to witches^ broom. Cutler and Sanford (4) and 
(k)ons and Kotila (3) in their considerations of spindling sprout and 
witclies’ broom, respectively, describe a large number of spindling sprouts 
arising from the seed ])iece. This is also characteristic of the si)indling 
sy)rout related to witches’ broom as Avorked Avith by the authors. \Vhip])le 
(8) connected this type of spindling s])rout with the “yellow top degen- 
erate.” The sj)indling sprout figured by iMcKay fo) is identical in habit 
Avith that studied by the Avriters. 

With the exceidion of Bisby ami Tolaas (1 ) and Coons and Kotila (3), 
the Avorkers mentioned above have not noted relalionshi]) of spindling 
sprout to any oilier symptoms develoiiing on the yilants. From the ])re- 
liminary Avork accomplished Ave believe that spindling sprout often accom- 
panies extreme deterioration or degeneration from the Avitches’ broom dis- 
ease. W(‘ also recognize the fact that other types of spindling sprout may 
liave entirely diffiTent causal relations. 

Frinianj Apijearing Lafe in the Srason 

All of the sym])toms described above have been those appearing early 
in the sc'ason from ajiparently diseased sets. Later in the season Avhat is 
apjjarently the same disease af)])eared on plants previously shoAving none 
of these sym})toms. In one plot of Bliss Triumph potatoes, grown at I\Ios- 
cow, Idaho, on the Experiment Station Farm, fiAe jicr cent of tin* jilants 
Avere rogued out early in the season on account of witches’ broom. Soon 
after August first it Avas noted that a considerable number of plants Avhich 
had previously apparently been healthy were developing symptoms of the 
trouble. The first indication Avas a tendency for the neAver leaves at the 
ti])s of the branches to become slightly rolled, lighter green Avith a reddish 
yelloAv margin and AAith an upright habit of groAA'th. In a short time these 
symiitoms became more marked so that atfected plants could be noted at a 
considerable distance. The tendency for i)roliferation, described above, 
developed also in these plants, expressing itself in numerous shoots develop- 
ing in the axils of leaves at the tips of the branches and also in the sprout- 
ing of the eyes in the iicav tubers formed underground. When these hills 
Avere dug, there were one or two normal well developed tubers Avhich had 
apparently been formed before the plant became affected. Also there 
were many small tubers in the beadlike formation described above, AAhich 
had evidently been formed after the plant became diseased. Sixteen per 
cent of the plants in the plot mentioned above were rogued out during 
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the later part oi* the season. Table 1 jyives in percentaj^e tlie number of 
plants removed from each plot both before and after August first. Those 
rogciied before Auf?nst first were evidently from diseased sets, while those 
roj^iied after Auj^iist first showed the primary symptoms described above. 


TABJ^E L — Pcrcerifagf of witclus* broom ^>7rrnt.s rogwd from crrtaiii potato plots grown 

at Moscow, Idaho 


No. of Per c(Mit roj^iK'd Pot oont roguod 

X>lot Variety before Aug. 1st after Aug. 1st 


19 Bliss Triumph 5 10.0 

20 Bliss Triunipli 10 8.0 

12 Idalio Kural 0 0.2 

Id Idaho Rural 0 ' .1.5 

14 Idaho Kuial 0 ,'>.2 

15 Idalio Rural 0 1 0 


Althoug:h we have no experimental evidence that this secondary develoii- 
ment was due to the same cause as the trouble which aj)peared earlier in 
the season, the symptoms were so nearly similar that we were led to believe 
this to be the ease. It was noted that the condition which develoy)ed lat(*r 
in the season many times occurred in })lan1s immediately adjacent to the 
missing: hills which had been rogfued out earlier in the season. 

I^late XXV, figfure 3, shows a jdant with the.se early synijduins, showing* 
particularly in the leaves at the tips of the shoots. The leaflets on the shoots 
were rolled and in the Green Mountain variety the edges of these leavers 
were light yellowish in color, but with the Bliss Triiimi)h a reddish color 
developed on the edges of affected leaflets. This was also true of the (^)bl)ler 
and became more pronounced toward the end of the season. Affected 
])lants were about normal in size. A more advanced stage is shoAvn in 
riate XXV, figure 4. Lower leaves were normal in size and texture, but the 
effect on the to]) was becoming i)ronounc(*d. In the Netted Gem such 
plants in the field were consj)icuous because of their yellow color and 
upright habit and tendency to bloom and .set seed balls. 

The primary stage of the witches' broom of potato has not been de- 
scribed in the literature available to the writers. Sym])toms similar to 
thes(‘ have in the f)ast betm ascribed to the attacks of the Rhizoctonia 
fungus, and may also easily be confused with the ])riiuary symi)toms of 
leaf roll. In fact it may in some cases require the actual study of progeny 
to determine the difference between the primary stage of leaf-roll and 
witches’ broom. The effect upon tuber formation seems to be a character- 
istic of the witches’ broom disease only. 
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Naiuir of Wiiches* Broom 

Sufficient data has not l)een feathered upon which to base a positive 
statement as to tlie cause of witches’ broom. P"or the present we can only 
describe the conditions under Avhich the disease has appeared. These data 
may indicate the factors responsilde for or influencing the disease and 
from which a theory as to the cause of the disease may be formulated. 
Such a theory will be useful in correlating further data and in j]^ivin<^ 
direction to such experinuuital work as is necessary to furnish proof of the 
cause of the disease. 

During? the ])ast season witches’ broom has occurred under a Avide 
variety of conditions. It was manifest in considerable amounts in the 
fertile Skaj^it Itiver Valley of western Washington. No more ideal condi- 
tions could be d(*sired for the ^rowinj? of potatoes than were to be found in 
this valley. The disease was likewi.se observed under very favorabh‘ j^row- 
in{? conditions in the Willamette Hiver Valley of Avestiu'ii ()re{?on, and in 
the Snak(‘ Uiver Valley of southern Idaho. The ajipearance of th(‘ disease 
uiidiu* such favorabh* conditions Avould tend to show that lack of moisture 
or plant food were not responsible for its a])pearance or severity. On the 
other hand, the dis(‘ase was observed in northern Idaho and in eastern 
Wasliinf>’ton, under vt‘ry adver.si* conditions as well as under moderately 
favorabh^ conditions for potato culture. Some \(*ry .severe ca.sivs occurr(‘d 
on thin soil uhere tluTe was a positive shorta<»:e of moisture, ruder such 
conditions tlie jilants succumbed early, but the symptoms were essentially 
the same as tho.s(‘ occurring on plants in ^ood .soil and well supjilied with 
moisture. 

Disea.sed .Netted Oem .stock divided and plant(‘d under irrij^ation in 
central Wa.shin^ton and under dry land culture in eastern Washin^rton 
produc(*d plants havinjj: similar .symptoms. In connection with a .study 
of ])otato m(».saic and leaf roll bein< 2 : carried on at the Idaho Expmwment 
Station, the effect of environmental conditions u])oii the develo])ment of 
th(‘.se di.seases is Ixdnj? tested by plantinj? the .same lots of .seed in various 
localities. In 19211 a certain lot of llli.ss Triumph seed was divided and 
^rown at iMoscow', Voeiir d’Alene, ami Winche.ster under non-irri^ated 
condition, s, and at Ashton and Parma under irri*i:ation. Witches’ broom 
dev(do])ed at all of these jdaces. The amount of infection early in the 
season was ])ractically the same at all five places. Our data seem extensivi* 
enough to warrant the conclusion that environmental factors during the 
^row’in" s(‘a.son do not control the a])i)earance of witches’ broom. 

The di.sea.se w^as noted in fields planted both early and late, and it Avas 
also ob.served in a field of AT)lun1(‘er potatoes. Periodic plantings Avere made 
every two AATcks from April to July, at Pullman and Prosser, Wa.shin^ton, 
of stock Avhich dcA^doped about three per cent of the di.soase; no appre- 
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ciable relation 'svas noted in these plots between time of planting and the 
development of the disease. From a study of the disease throughout the 
season we may say that seasonal variation does not seem to greatly influence 
the percentage of disease appearing in seed stocks but may influence the 
size and longevity of the affected plant. 

The question naturally arises whether impr()i)er storage conditions may 
not be a possible factor in the production of witches’ broom. Evidence 
at hand does not warrant such a conclusion. Reference has already been 
made to the occurrence of the disease in a field of volunteer potatoes. The 
disease has also been observed in many different unrelated stocks kept in 
common storage for the winter. Specially selected stock at both the Idaho 
and Washington Experiment Stations kept in good commercial storage 
during the winter showed an appreciable amount of the disease in the 
resultant crops. Over the region where this disease has appeared there 
must of necessity have been a wide variation in the storage conditions 
under which tlie various stocks were ke])t. The appearance of the dis(‘ase 
under such a variety of conditions would tend to show that storage condi- 
tions do not cause the disease. This point is strengthened by the occur- 
rence of the disease in selections ])lanted in th(‘ greenhouse after only a 
short rest })eri()d following the harvest. 

The transmission of witches’ broom has not been accomplished under 
controlled conditions. Enough evidence has ac(*umulated, we believe, to 
I)rove that the disease is carried by tubers. The same seed stock' planted at 
the same time in widely separated places and otherwise handled the same 
has shown the disease in practically the same i)ercentag(‘ and s(‘vei’ity. 
The same hill selections ])lanted in the greenhouse and i)ortions also ])lanted 
in the field show like infections of the disease. Progeny of witches’ broom 
selected from the field have shown typical symptoms when grown in the 
greenhouse. 

The dissemination of witches’ bi'oom in tht; field was indicated on the 
Idaho Station by the results secured in the t('st ])l()ts mentioned above. 
Here there seemed to be evidence that infection took place during the 
growing* season. The appearance of the disease in i)artly grown plants 
which develop typical symptoms in those i)ortions developing thereafter 
would indicate that the disease is spread during the growing season. In- 
vestigational work is in progress which it is hoped will show how the disease 
is spread and also furnish a basis for conclusions as to the cause of the 
malady. 

The witches’ broom disease has some sjuiiptoms in common with several 
other disease, among which may be mentioned Rhizoctonia, leaf roll, and 
spindle tuber. The Rhizoctonia fungus has not been constantly associated 
with the disease and furthermore, it has been shown that witches’ broom is 
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Fig. 1. Witches’ broom with production of uerial tubers on Bliss Triunij)h 
plant. Fig. 2. Leafy shoots developing from elongated stolons on Netted (hnn 
plant. Fig, Symptoms of recent infection on Green Mountain plant. (Photograi)h 
by J. E. Currey.) Fig. 4. Well developed symptoms on the top of Netted Gem plant. 
Fig. 5. Three tuber units of Bliss Triumph variety, one of which is affected with 
witches^ broom. 
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constantly transmitted by seed tubers. The symptoms common to witches^ 
broom and leaf-roll are: the sli<?ht rolling? of the upper leaves on newly 
infected j)lants, the si)indle sprout syni[)toms, and the net necrosis sometimes 
developirifi: in the tubers. Aside from the fact that the type of leaf roll 
and the spindle s])rout described above for witclies’ broom are radically 
different from tlie same manifestations of the leaf-roll disease, tlie other 
symptoms which we have discussed have not, to tlie knowledf^e of the 
writers, beem associated with leaf roll. The above statcuncmt will also a])ply 
in a comparison of witches’ broom and the spindle tiilxT disease. The 
symptoms characteri/in< 2 r witches’ broom have not yet been mentioned in 
descriptions of the spindle tuber disease availa])le to the writers. 

In view of the facts set forth in this paper, we believe that we are 
justilied in considerin*? witches’ broom a distinct disease of the potato. 
The cause of this disease*, which was widely distributed during 1923 throuj^h- 
out the* Pacific Xorthw(*st, has not been found. Work is progressing: alonji: 
s(*veral lines and it is ho[)(‘d that more conee'rnin*? the* nature and cause 
can be t?iven in a lale*r ])aper. 

DlOrARTMENTS OF PLANT PaTIIOLOUY, 

AdRUUU/ITTRAI. PxFKRlMFNT STATIONS, 

Prni.MAN, WAsniN(JTON AND Mos(H)\v, Idaho. 
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EQUIPMENT AND METHODS FOR STUDYING THE RELATION OF 
SOIL TEMPERATURE TO DISEASES IN PLANTS. 

R. W. L E II K E L 
AVn'Ji Five Fjgtihes in the Text 

INTRODUCTION 

Soil toinporatnre is rec*eivin<^ increasing reeojjnition as an important 
factor infiuencino: tlie development of plant diseases especially soil-borne 
and seed-borne diseases and those attacking? the underground parts of 
plants. 

The study of soiJ temperature up to 1921 has been admirably sum- 
marized by Jones^ and a brief description given of the Wisconsin tank now 
used in the De])artment of Plant Patholog.y at the University of Wisconsin 
and in a number of other institutions in this country. 

The writer fortunately had the opportunity of using this apparatus 
from 1920 to 1922 in connection with certain cereal-disease studies con- 
ducted cooperatively by the Office of ('Creal Investigations, Pureau of Plant 
Industry, and the University of Wisconsin. In 1922 the writer was trans- 
ferred to Washington, 1). V., where ecpiipment for the control of soil tem- 
perature was installed in the cereal-disease greenhouse at Arlington Experi- 
ment Farm.^ Jn the installation several difficulties were encountered. The 
supply of Avater at Arlington Experiment Farm is limited and its tempera- 
ture corrijiaratively high so that sjiecial means for obtaining low soil t(mi- 
peratures had to be devised. High pressure steam is not constantly avail- 
able and when needed had to be sufijilied fitom a small boiler in the 
greenhouse basement. All electrical equipment had to be adapted to a 
220- volt 2D-cycle alternating current. 

In this paper is presented a detailed description of the various items of 
equipment together with their operation and the methods employed at 
Arlington Experiment Farm in the study of the relation of soil tempera- 
ture to certain cereal diseases. It is thought that this may be of interest 
to those contemplating the installation and operation of similar equipment. 

The actual results of the experiments Avill appear in a later series of 
papers. 

1 Jones, L. R. Experimental work on tho relation of soil temi)erature to disease in 
plants. Trans. AVis. Acad. Sci., Arts and Letters 20: 433-459, pi. 33-37. 1921. 

2 Much of this work was done under the general direction of Dr. A. G. Johnson whose 
helpful advice and suggestions are gratefully acknowledged. 
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THE TEMPERATURE-CONTROL TANK AND ITS EQUIPMENT 

The Tank 

Tlic tank (Fi^. 1), which is c()j)iec] after the one devised at the Depart- 
ment of Plant Pathology of the University of Wisconsin, is a rectanp^idar 
structure 21 inches wide, 39 inches lonjy, and 28 inches deep on the inside. 
Tlic lininjif is of 24-f'auj^e j^alvaiiized iron. The ui)i)er tlirce inches of metal 
are turned out at rij^ht anjyles to the sides to lap over the u[)])er edfjes of 
the outer wooden wall. All seams are well soldered and made water tiprht. 



J r(j. 1. Soil tcmppraturo-coTitrol tank and part of its accessory equipment for maintaining 
constant high, low or medium soil temperatures. The thermostat on the riglit rt'gu- 
lates the inflow of cold water and the one on the left controls the heater. 


The outer wall is made of seven-eighths-inch cypress boards nailed to 
2 ' X 4" material at the corners. The inside dimensions of this outer 
wooden unit are about 3 inches greater than those of the metal lining. 
The space between the wood and the metal is packed with mineral wool. 
A half-inch overflow pipe near the top of one end is held in i)lace by 
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lock nuts, and leads to a return pipe througrh which the water flows back 
to the ice-water tank, as described later. 


The Cover 

The cover (Fig. 2) consists of a top and bottom of galvanized iron with 
a solid piece of half-inch '*flax liniinF’ between. The lower sheet of metal 
is bent over the edges of tiie insulation and joined to the upper sheet of 
metal to form a flange which rests on the metal edges of the tank. 
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Fig. 2. Diagram oi' the eover for the soil tem])(‘ratuie-e()ijtiol tank Hhowing the ai rauge 
merit of the opouiiigs. The cross .section sliows its construction. 


The 8-inch openings for soil cans are placed about thre(‘ inches from the 
edge. The three-inch opening in the center is for the heater tube. On 
each side of this 3-inch opening is a 1^,4-inch oyrening, one for the thermostat 
and the other for the thermometer. In the middle of one end of tiu* cover 
is another 1^/o-inch opening for the cold-water tube. The o])enings are 
lined Avith galvanized iron collars, fitted around the inside edges and 
soldered water-tight. 

All metal on the tank and cover is given three coats of water-proof 
paint. The cost of a completed tank and cover is approximately thirty 
dollars. 
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The soil cans (Fig:. 3A ) are suspended in the ojicninffs of the covers 
dc.scribed above. Tliey are made of 24-g:aug:e galvanized iron with seams 
well soldered .so as to be water-tight. They are 9 '4 inches deej), 8 inches in 
diameter at the top, and slightly less than 8 inches at the bottom so that 



Fid. .■>. A. Diu^uini showing tin* dmiousions ;in<l stnictiiH' of tlio soil cans toji(‘thoi with 
tlu* (h*VH*o nsctl for tiansfoi i soo(]]mf>s to a f;!(*oiihousc lioiich. H. Thoiniostut 
iisod for looulatiuj* toiii|)('iatui(‘s in the soil tmijicratuiv-control tanks. 

they (*nn be removed easily for daily Aveijrhinp: and watering:. The eans are 
beaded one inch from tlie toj) to sii])|)ort them in the ojieninjrs. They can 
be made for about seventy-live cents each. 

Heater Tube 

A vertical heater tube, illustrated in figure 1, has been adojited in the 
temperature-control tanks at Arlin^rton Ex])eriment Earm instead of the 
troublesome gooseneck” f.vp^ t)f heater tube, commonly used in the Wis- 
consin tanks. This vertical heater tube is 8 inches in diameter and extends 
from the bottom of the tank to 2 inches above the cover. A metal collar 
soldered about the tube just below the tank cover jire vents it from slifipin^ 
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up throuf?h the o])eninff and also serves as a support for the center of the 
cover. The bottom of the tube is held in place by a metal collar soldered 
to the bottom of the tank. A 25()-watt luminous radiator bulb, or other 
heater, is jdaced in the bottom of the tube and immersed in kerosene, which 
serves to conduct the heat away from the heater. The wires from the 
heater pass through a close-fitting transite disc and then throug^h several 
inches of well packed mineral wool. This prevents the kerosene from 
vaporizirigr and keeps the heat from rising to the top of the tube. A metal 
cover fits closely over the heater tube and the wires pass through a short 
porcelain tube fitted into a hole in the center. 

Heaters 

Of the various types of heaters tried up to the pre.sent time, the West- 
inghouse 25()-watt luminous radiator bulbs have been found most satisfaci- 
tory. Other types, especially the General Electric cartridge unit, under 
certain conditions, have given good service. Although rather fragile, the 
luminous radiator bulb is convenient to use in connection with the heat(‘r 
tube described and in trials conducted hy the writer with an ordinary watt- 
hour meter it was found to be relatively economical in current consumption 
in maintaining the higher temperatures. The cost of the Westinghouse 
radiator bulbs is $2.50 each. An ordinary carbon light bulb is suitable^ for 
maintaining medium temperatures providing the air temperature does not 
vary too much. 


Relays 

A relay connected in series with a battery and with a simple mercury 
thermostat immersed in the water of the tcmi)erature-control tank is us(»d 
to control the heating current (Fig. 1). At the lower tem])eratures relays 
are used also to control the motors operating the cold-water ])umps (Fig. 4). 

If a direct electric current is not available and a battery must be used 
to operate the relays, it is desirable to secure a relay which operates on a 
very small amperage. A 25()-ohm telegraphic relay is satisfactory. When 
operated by a 6-volt battery, 18 such relays draw less than ampere. 
These relays cost about seven dollars each. 

Where direct electric current is available a battery is not needed and a 
cheaper relay will suffice. The direct current can be reduced to the 
desired amperage by inserting resistance in the line and a 50-ohm pony 
relay, costing about three dollars, will then answer the purpose. 

The relays should be examined and adjusted, occasionally as the hinge 
screws often work loose and throw the contact points out of alignment. 
The contact points should be kept clean, and if they fuse due to too heavy 
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a current i)assinji: through them they should be rci)laecd by tungsten or 
inolybderuiin points. 


Battery 

As stated above, a direct electric light current reduced to the proper 
amperage by inserting resistance in the line is more satisfeatory for oper- 
ating relays than is a battery current, as the former is more constant and 
dependable. Ilow’ever, if only alternating current is available a battery 
must be used unless special relays are employed. 

An ordinary sulfuric acid, lead-plate storage battery of 6 volts and of 
110 ampere-hours capacity has been found satisfactory. This operates 
eighteen 25()-ohm relays for more than a month before recharging is neces- 
sary. It is well to have another battery available for use while recharging 
the storage battery. A reedifier may be em])loyed for recharging if no other 
means is available. 


Thermostat 

The thermostat employed (Fig. 3-B) was originally devised in the 
Department of Plant Pathology of the University of Wisconsin. It con- 
sists of a mercury bulb about 4(/> inches long and % inches in diameter. 
It has a neck about (ihj inches long with a bore of about % inch or less. 
Three inches above tli(‘ junction of the bulb and the neck a piece of No. 
26 platinum wire, about inch long, is sealed into the glass tube with one 
end i)rojectmg into the bore to contact with the mercury and the other oiit- 
sid(* to attach to a wire leading to the relay. A close-fitting platinum- 
tif)ped wii'c })lunger is inserted in the upf)er end of the neck and there 
held in any given position by a battery clip to which is attached a wire 
leading to the battery. The circuit is completed by a wire from the bat- 
tery to the relay. 

To adjust the thermostat for any given temperature it is immersed 
in water at that temperature until the mercury has acquired the tempera- 
ture of the water. The j)latinum-tipped wire plunger is then adjusted so 
that it barely touches the mercury column. 

The top of the mercury column may be covered with a thin layer of 
high grade paraffin oil to prevent it from oxidizing. 

When the heater has brought the water in the tank to the desired tem- 
perature the mercury column in the neck of the thermostat makes contact 
with the platinum-tipped wire. This closes the circuit through the ther- 
mostat, the battery, and the relay coils and breaks the heating current by 
separating the contact points of the relay. When the temperature of the 
water has droj)ped sufficiently to separate the thermostat contacts, the 
battery circuit is broken and the contact points of the relay come together, 
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Geneial vip\\ of the tanks in the roioal iliscatc groonliouse, Ailington Experiment 

Farm. On the switelilioaid is a lelay, fuse ami pilot light foi each heater. Each relay is numbeied 
to ('orres[)oml to the number on the tank, the heatei of ^\hK*h it opeiates. 
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closing the circuit through the heater and also through the pilot light on 
the switchboard. Although this thermostat is not entirely satisfactory, it 
is inexpensive, easily made, readily adjusted and sufficiently sensitive to 
keep the water within a half degree of the desired temperature. 

SwHchhoards 

The relays used to control the heaters are mounted on a switchboard 
(Fig. 1). For every heater in a temperature-control tank there is a cor- 
responding relay, fuse and pilot-light on the switchboard. Each pilot-light 
indicates whether or not the corresponding heater is in operation. The 
wiring for this installation is shown in Fig. 1 and 5. 

Another switchboard contains a fuse, relay, bank of lights and magnetic 
contactor for each cold-water pump. This installation is described above 
and illustrated in Fig. 4. 

Low Temperatnrc Equipment 

Constant low temperatures in a number of the tanks ai*e maintainerl by 
the thermostatically controlled flow of ice-cooled water into them whenever 
their temperatures rise above the desired })oints. This is accomplished by 
the apparatus shown in Fig. 4. The inside dimensions o^ the ice-water 
tank are 3 feet by 6 feet by 41/2 deep. The details of its construction 
are shown in Fig. 5. Ice is placed on the rack in the ice-water tank. Water 
enters from the overflow tank and after being cooled is drawn out by a 
pump driven by a thermostatically controlled motor. The cold water is 
pumped to the temperature-control tanks, and enters each tank through a 
tube attached to a valved connection in the cold water line. These valves 
are adjusted so that the water flows at a rate necessary to obtain tem})era- 
tures slightly below those desired. The rates of flow for different tanks 
held at the same temperature are about equal. The water is returned to 
the overflow tank from which it flows back into the large tank to be re- 
cooled and re-circulated. 

The height of the water in the overflow tank and in the ice-water tank 
is governed by the height of the adjustable overflow pipe. In warm 
weather or when more tanks are to be cooled the water level is raised. In 
cold weather or whenever fewer tanks are in operation the water level is 
lowered, thus using less ice. 

A wire screen over the outlet in the ice-water tanlc and a strainer in 
the pipe line prevent dirt from getting into the pumps. A valve below the 

3 In this case the ice-water tank pumps, etc., are in a basement below the greenliouse. 
However, this part of the equipment can be located on the ground floor providing the 
level of the water in the temperature-control tanks is higher than the top of the overflow 
tank so that the water will return to the latter by gravity. 
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ice-water tank and another above each pump make it possible to shut off 
the water wdien necessary. Check valves prevent the water in the tem- 
perature-control tanks from siphoning back when the pumps stop. 

An air temperature as near 15° C. as possible is maintained in the 
greenhouse where the temperature-control tanks are located. However, 
on cold winter nights the greenhouse temperature occasionally goes as 
low as 10° C. Therefore thermostatically controlled heaters are necessary 
in the tanks which are kept at 15° C. In warmer weather the greenhouse 
temperature often rises above 20° C. so lliat it is necessary to use cold 
water to prevent the temi)crature of the 20° tanks from going too high. 
This may be done by m(‘ans of a thermostatically -controlled pump as in 
the case of the lower tem[)erature tanks. A thermostat sus])ended in the 
water of one tank controls the flow of cold w^ater into all of the tanks at 
that same temperature. When the temperature of the water rises above 
the desired point, the menairy column in the neck of the thermostat rises 
and makes contact with the platinum-pointed wire plunger. This closes 
the circuit through the battery and the relay coils. The relay-contact points 
are so arranged that the ])ower circuit is closed whenever the battery circuit 
is closed. Therefore, the motor oi)crates the pump until enough cold water 
has been added to the tanks to lower the water temperature to the desired 
point. 

The and % horse-power motors used to operate the pumps draw 
more, current than can be jiassed through the contact points of the relays 
without causing them to fuse. Therefore, a magnetic contactor is used 
in connection Avith each relay. The installation of this is shown in Fig. 4. 
The leads from the main line are attached to the two iu)per posts oL' the 
contactor. Two wires from the lower posts lead to the motor. A bank of 
tAvo or three 50-Avatt carbon filament bulbs in series with the relay and 
the armature of the contactor is connected in parallel Avith the contactor 
itself. When the battery current actuates the relay coils, the electric light 
circuit is closed through the bank of lights, the relay points, and the con- 
tactor armature, thus causing the contactor to close the circuit to the motor. 

This apparatus kept the Avater in six of the temi)erature-control tanks 
at 8° ('. for six months Avithout much trouble, and at 4° C. for a shorter 
period. Another pump similarly controlled A\^as used for the 15° tanks. 
In Avarm weather enough Avater w^as allowed to trickle into the 20° tank 
from the water line leading to the 10° tanks to keep their temperature from 
rising above 20° while the heaters kept them from being cooled bleow 20°. 
About six tons of ice were used each month. 
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EXPEK I MENTAL METHODS 

Tifpc of Soil Used 

One of the diffieiilties experieneed hi carrying? on soil-tein])erature 
studies is encountered in the tendency of the soil to bake at the higher 
teinperatures. This was overcome by using a soil containing a high ])er- 
centage of organic material. A supply of well-decayed leaf mold was 
secured and sifted through a 4-mesh sieve. This material was mixed with 
an e(iual (juanlity of light clay loam, also sifted through a 4-mesh siev(^ 
The water-holding capacity of this mixture was 72%, and at no time did 
it show an}' tendency to bake. 


Soil Moisture 

Soil temperature being th(‘ variable factor, it is necessary, of courst*, 
to keep the soil moisture uniform at the dilferent temperatures. Afh'r 
screening and thoroughly mixing enough soil to fill all the cans used in a 
series, the moisture-holding capacity and the moisture content of the soil 
are determined. The soil is then s[)read out and sufficient water add(‘d 
with a sprinkler to obtain tlie desired moisture content. It is allowed to 
lie covered long enough for the water to ])ermeate the soil so that the lattcu* 
can be thoroughly mixed without puddling. When properly mixed, a 
uniform, weighed amount of soil is jilaced in each can. When the cans 
are suspended in the tanks, the surface of the soil should be slightly below 
the water line. Evaporation from the soil is reduced by jilacing a ^4-iii('h 
layer of ground cork on the surface after the seeds have been sown. Th(‘ 
cans at the higher temtieratures are weighed daily and those at the lower 
temiieratures less frequently. Any water lost through evapoivition or by 
transpiration is replaced. At the higher teinperatures, the water is applied 
around the edges of the cans, as that is where most of the drying occurs. 
The water used is of the same tcnqierature as the soil. It may be taktui 
from the tanks, or, if steam is available, tap Avater may be heated to the 
proper temperature. The watering device used is a cylindrical bucket six 
indies in diameter and about 12 inches deep. Near the bottom is an open- 
ing with an attachment for a quarter-inch rubber tube. This bucket is 
suspended overhead, and by means of the rubber tube a stream of water 
can be directed against the inside of the can, thus applying the water 
around the edge where it is needed most. The tube is provided with a 
pinchcock with which to shut oft* the water. 

The scale used for weighing the cans is of the platform type commonly 
used in greenhouse experiments. It is sensitive to one gram and has a 
maximum capacity of 20 kilograms. 
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TEMJ'ERATUKE ADJI^STMENT AND MAINTENANC’E 

The water in the tanks is broii^rht to the desired temperatures by the 
use of steam a day or two before any seedinj? is done so that the soil will 
have acquired the proj^er temperature by that time. A standardized ther- 
mometer is suspended in the w^ater in each tank so that the bulb is three 
inches below the surface. Another thermometer is placed in the soil in 
one of the cans in each tank so that the bulb is at the seed level and one 
and a half inches from the side of the can. Temperature reading's are 
taken three times daily. A typical day’s reading (Table 1) shows the 
relation between the g:reenliouse air temperature, the water temperature, 
and the soil temperature. The temi)erature of the soil depends not only on 
that of the water but also to some extent on the air temperature and the 
intensity of the solar radiation. 

The layer of g^round cork on the surface of the soil helps to rej:^ulate 
the soil tenij)eratnre by reducing: radiation at the higher temi)eratTires, and 
by shutting out tlie heat of the sun, to some extent. When the sun’s heat 
becomes intense, partial sliading with chee.secloth or thin muslin is advisable, 
fare should be taluni, however, not to make the shading too heavy or too 
})rol()nged as the metabolism of the i)lants is aifected by i)ronounced reduc- 
tion in light intensity.'^ Even with a constant water teiii])m*ature it is 
difficult to maintain constant soil temperatures if the range in air tem- 
perature is excessive. 

^eed’nKj 

Uniformity in depth and in other details of s(*eding is important. Cereal 
seeds are sown usually at a depth of one and a half inches. This depth 
is secured by removing a measured amount of soil from the can. The seeds 
are placed in a circle equidistant from the center and inches from the 
side of the can. This is advisable because the temperature varies slightly 
at different distances from the side of the can. A cardboard disc five 
inches in diameter is heli)ful in [dacing the seeds the ])roper distance from 
the center and from each other. After tamping the seeds gently to hold 
them in place, the 1VL> inches of soil arc re])la(*ed, a layer of ground cork 
added, and the can pro]a*rly labeled and covered with heavy ])aper until 
emergence begins. The paper is then removed. 

Transplcndivg 

As infection by many of the cereal diseases such as bunt, for example, 
occurs onlj’' during the seedling stage of the plant, it is not always neces- 

4 Garner, W. W., and Allard, H. A. Effect of the relative length of day and night 
and other factors of the environment on growth and reproduction in plants. Jour. Agr. 
Research, 18 : SSS-GOO, 1920. 
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sary to f^row the plants at the different temperatures beyond the sta^c of 
fifth, fourth, or even the first leaf. They may then be transferred to the 
greenhouse bench or even trans])lanted to the field if weather conditions 
])ermit, and the cans and tanks made available for anotlier series. The 
simple device used by the writer for transferring ])lants from the cans to 
the greenhouse benches is shown in Fig. 3. It consists of a perforated 
galvanized iron disc 6 Y 2 inches in diameter suspended in the cans by 
means of two heavy galvanized iron wires hooked at the ui)per ends over 
the edge of the can. When the plants are ready for trans])lanting, the 
soil is first generously watm-ed. It is then easily lifted out of the cans by 
means of the heavy upright Avires and may be transferred to the bench 
where other soil is packed about it. Here the [)lants are groAvn to maturity 
or to a stage at which final notes on them may b(‘ taken. 

Ofek’e of Cereal Invkstkiations, 

Bureau of Plant Industry, 

United States Department of Agrktu.ture. 



PERMANENT SPIRALS FOR TAGS 


Dean A. Pack 

111 connection with the work at this station, on the breeding oi‘ sugar 
beets, the author has devised an attachment for fastening identification 
tags to beets. Tliis attachment consists of a galvanized spiral permanently 
fastened, by one end, to a metal tag carrying the identification number. 
Tags and s])irals are illustrated in figure 1. 



Fi(i. I. Various sizc<l tags and tlic attaclimcut of the spiral to a tag. 


These spiral tags may be used for various ty[)es of breeding, physiolog- 
ical, jiathoJogical, and field work, where plants or ])arts of plants are to be 
identified. The spiral tag is very desirable for some tyiies of experimental 
work, because it has a constant weight due to being constructed entirely of 
metals. The tags are fastened to the plant by turning the spiral to the 
right into its tissues, and are removed by turning the spiral to the left. 
Some uses of these tags are indicated in figure 2. 

The tags may be of various sizes and starajied from, either aluminum or 
brass. The spirals are made by winding number fifteen galvanized wire 
about a second wire 3/3 6 of an inch in diameter. Ten feet of number fifteen 
wire will make from 145 to 150 turns, and produce a coil about ten inches 
long. This coil is then stretched to form a spiral about four and one half 
feet long. It is then cut into the proper tag spirals, having four turns each. 
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Fr}. 2. Taj»s attaclicd and in 



Fkj. .*>. The construction of spirals. 


One turn is used for fastenings the spiral to the tag:, and the other three 
turns fastens securely the spiral in the beet. The size of the wire used in 
making these spirals, and the diameter of them, will depend upon the type 
of tissue one may be working with. The various steps in the construction 
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ol* these spirals and their attachments to the taj?s, are represnted in figs. 
1 and 3. 

To a large extent, the value of a tagging method depends upon the 
degree of certainty one can place upon the method. There is no hesitation 
in the use of these i)ermanent spiral tags. The spirals and tags are made of 
metals that do not readily corrode. The numbers being stam])ed into the 
metal tags are easily read and never become rubbed off. Each tag is per- 
manently attached to its spiral, and should never be taken off'. Tliere is 
little danger of a tag becoming detached from a ])lant, because of the struc- 
ture of the s])iral. It requires a straight pull of from 48 to 79 pounds to 
draw one of these spirals out of an ordinary beet. This force is about ten 
times that re(]uircd to draw the nails of a wooden label or lag out of a beet. 

These spiral tags have been used during the i)ast three years at this sta- 
tion with a great savings of time, money and labor. 



PII Y TOP ATIK JLO( UCA L N( )T ES 


Third Pan-Amcrivan l^cienlific Coiujresa, The Second Pan-Aniericaii 
Scientific (\)nf?ress was held in Washinjjcton from December 27, 1915, to 
January 8, 1916, and at lhat time the city ot‘ Lima in Peru was desipjnated 
as tlie seat of the Third Oon<>:n\ss. The sessions will cotnmence November 
16 and will last over the fortnight following. All branches of science will 
be represented in nine sections. Plant patholojry falls under the Section 
of ])iolo»y, Aj:ci*ioultiire and Tvelated Sciences of which Dr. W(‘nceslao F. 
Molina is [)resident. Mr. ]\I. Y. Villaran is president of the Oonjrress and 
]\rr. Jos(‘ J. llravo, Secndary Oeneral, address. Apart ado 889, Lima, Peru. 
The Orjyanization (V>nimitt(*e is invitin" soriK' of the more notable of Amer- 
ican scientists to contribute pap(*rs and if possible to att(‘nd the (V)n‘rress. 
If any of th(‘ members of the American Phyt()])athol()<rical Society have 
pap(‘rs that they woidd like to contribute, or if tluw find that they can 
att(‘nd the (V)nj»*ress, it is siis’p:<*sted that they communicate with the secre- 
tary of their Society. 

llorficulfiirisfs, cnlomoUxjisis and palholo(/is(s fo mrci in Brdish (\)}um- 
bia. The Northwest Association of Horticulturists, Entomolojyists and 
Plant Patholojrists will hold their seventh annual nuMdirijr at Penticton, 
Pritish Columbia, Aujrust 26 to 29, 1924. The membership of this asso- 
ciation iiK'ludes those interested in the three sciences in the states of Oregon, 
Washington, Idaho, Utah, and Montana and in the province of British 
Columbia. Tlu* Pacific Division of the American Phytopatholo^ical So- 
ciety will also hold their annual meetinj; at the same time and place. This 
will be one of the most important scientific meetinjrs ever held in the Pacific 
Northwest. Further information rejjardiii" these meetin^^s can be secured 
by addressing? either l^rof. W. T. Hunter, Secretary of the Northwestern 
Association of Horticulturists, Entomolo<?ists, and Plant Pathologists, care 
of the Experimental Farms, Summerland, B. C., or Prof. (dias. W. Hunger- 
ford, Secretary of the I’acific Division of the American Phytopathological 
Society, University of Idaho, IMoscow, Idaho. — C. W. Ht^N(U<:uford. 

Puhlicafion of foreign papers. In accordance with instructions given the 
Committee on International Phytopathology a])])()inted by the Society at 
the Cincinnati Meetings, arrangements have been made with Dr. H. M, 
Quanjer, of the Phytopathological Institute of Wageningen, Holland, to 
act as editor of Phytopathology for Europe and to solicit su])scri])tions and 
to receive and transmit pai)ei*s offered for i>ublication in the Journal in 
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either English, French, or German, the total of such papers not to exceed 
100 pages during the year. A special subscription rate has been offered in 
those countries whose currency is below par. Pull information regarding 
this plan can be obtained from Dr. Quanjer. It is hoped that our European 
(‘olleagues will accept this opportunity to advance our knowledge and bring 
about closer and better jdiytopathologieal relations. — C. L. Shear, Chainnan, 

The ffahf 'number of Phiftopathologif teas issued July 31, 
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THE YJABILITY OP TIKEDOSPORES 

W. E . M A N t; V A li 

Many observations and tests liave been made on llie longevity of iiredo- 
sporcs of rusts. The spores have been kej)! under various eonditions, both 
in the open and indoors, (conclusions as to overwinterinjj: out of doors arc 
sometimes doubtful, since mycelium may live through the winter and s])ores 
present in tin; s])rinjjr may have developed diirinj? the Avint(T* or early sprin". 
Freeman and Johnson (2) after reviewing the literature reg^ardin^ over- 
Avinterin" of unMiospores out of doors pointed out that previous conclusions 
Avere fr(‘(iuently based on opinion ratluu* than on accurate observations. 
They obtained viable uredos])ores of Pnccinla graminis throughout the 
winter from livinjr hosts in the open, and as late as IMarch 20 from plants 
buried in the snow from December 10 to that date. Likewise iiredospores of 
Puccinia rnbigo-vera and of Pucclnia simplex buried in the siioav jj^erminated 
to oMarch 20. It is j)rohable that no dcAclopment of spores occurred beneath 
the snoAV. 

Yarious records, hoAvever, of tests Avith spores whose aj^e was positively 
known shoAv bejunul doubt that uredospores of certain rusts may live a 
considerable time or throujrh the Avinter either in the open or indoors. 

Ward (9) succeeded in ^erminatino: uredospores of Puccinia dispersa 
(Erikss.) that had been kept dry in a tin box for 61 days. Promme (3) 
reported a A^ery low per cent (0.2) of ^termination in the case of uredospores 
of Pnccinia coronifera that had been kept at room temperature for 84 days 
(Nov. 26-Peb. 18). He also ^ives records for various other rusts. 

Tleed and Holmes (6) tested uredospores of Puccinia coronala (kla. from 
volunteer oat plants that died December 1, and Avere left in the field throu^di 
the Avinter. TAventy per cent of the spores terminated February 15, but 
only 5 ])er cent in a test marked “doubtfuP^ March 1. Howcatt* similar 
tests Avith spores from living plants in the open gave positiA^e results to 
January 5, and negative results January 15. Increasing percentages of 
spores germinated from February 1 to April 1. The authors therefore sup- 
I)osed that the uredospores liad died by January 15, but that mycelium re- 
mained aliA^e and began i)roducing new spores before February 1. 
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Alclhiis and Durrell (4) tested uredospores of Puccinia coronafa (Via. 
after storing? 55 days in dry capsules at 13° (V and secured twenty per cent 
of ^germination, but no germination if the spores were stored under similar 
conditions at either 6° C. or 20° 0. 

Peltier (5) found that the lonjyevity of uredos})ores of Puccinia graminis 
iritici. Form TII, depended on temperature and hiirnidity. Spores stored 
at 25° C. and 49 per cent humidity germinated after 5 weeks but not after 
6 weeks. At temperatures from 5°-15° with the humidity varying from 
38-70 per cent the spores still germinate at the end of sixteen weeks. 

Miss Fraizer (1) secured fair termination of uredospores of Puccinia 
helianthi which had been kei)t between sheets of blottinjr paper for 111 days 
(Nov. 20-March 10) at room temperature. Spores of the same rust col- 
lected September 10 and kej)t in an ice chest still germinated quite well 
(25 per cent) after 182 days. 

S])aulding (7) reports that York, Overholts and Taylor found uredo- 
s])oros of Cronartinm rihicola that had been dried in a idant luvss still 
viable after storage for 80 days in tight Mason jars kept in an ic(‘ chest. 
Besides uredospores in the open protected from rain germinated aCter 100 
days; spores on leaves kept between sheets of glazed pai)er germinated after 
169 days; and successful inoculations were secur(‘d with spores that had 
overwintered and were 270 days old. IMiss Taylor (8) a year later also 
obtained successful infections with overwintered uredosi)ores of this rust. 

Various additional records might be cited indicating or j)roving that 
uredospores of various other rusts may live from two to six months, (‘itiuu* 
in the open or when stored under more or less definite conditions of tem- 
perature and humidity. During the past two years the writer has tested 
the viability of uredos])orcs of several species of rusts. The si)ores were 
collected at Columbia, Missouri, generally late in the fall, and after drying 
were kept in a cool (5-15° (V) room most of the lime. In all cases the 
s]>ores were allowed to remain on the host. At intervals germination tests 
were made by floating the spores on distilled water in small preparation 
dishes and incubating at room temperature for one or two days. In the 
records that follow the percentage of germination is generally not expressed 
definitely, but the approximate amount of germination is indicated. 

Vromyccs st rial us Sch r. on Mcdicago sal iva L. 

ITredosi>orcs of this rust were collected November 11, 1922, and kept in 
a cool room. No tests were made until March 23, 1923, when a fairly large 
proportion of spores germinated. Subsequent tests on March 31, April 13 
and 20, and May 7, gave positive results but no spores germinated in a final 
test June 9. Collections of uredospores of March 3 and April 2, 1923, 
failed to germinate. Uredospores were also collected October 9, 1923, and 
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kept at room temperature until November 14, after whieli they were stored 
in a cool room. A lii^h percentage of spores germinated November 14. 
Subsequent tests resulted as follows: December .12, fairly high per cent of 
germination; January 4, lO-lo per ecmt; Februaiy 1, few spores; February 
27, numerous spores ; March 29, 1 -± per cent ; April 17, negative. S])ores of 
this rust therefore remained viable for at least 17.1 to 178 days after 
collection. 

Infection ex])eriment, — In the spring of 1923 ten alfalfa plants were 
dug up, transferred to the gn^enhouse and potted. No rust was found in 
the field where these ])lants grew during the seasons of 1922 nor 1923. Six 
plants were inoculated with spores collected NoATiuber 11, 1922. After in- 
oculation the plants ^^ere kept in moist chaml)crs for a suitable length of 
time. The other four ])lants were used as checks. Since the i)ercentage 
of viable spores was small and no pustules had appeared by May 7, four 
of the plants were r(‘inociilated on this date. The checks all gave negative 
results while the results with the inoculated plants W’ere as follow^s: 


I. ‘l/L’i and r»/7 
L\ t/lio and T)/? 
.**. 4/1’ I- and ’)/7 

4. 4/ IS and ."i/T 

o. 4/10 
(). 4/ is 


Ui odo ])nstul(‘s 

O/l.')--! lt*af; (5/lS — 4 leaves 

>s(‘f>ati\e 

()/lS — 1 leaf 

(>/IS— 1 l(>ar 

(i/lO—l leaf 

JS’e^atiVi' 


It seems, therefore, that uredospores of I'ronijjccs stnalus may not only 
retain their ability to germinate for nearly six months but also to infect 
alfalfa. 


Puccinia sorglii Hchv\ on Zva Mags L. 

I rcdos])OT*cs (‘ollected November 11, 1922, and stored in a cool room 
germinated to some extent when tested April 2, 1923. Spores collected 
Nov<‘mber (i, 1923, on young (volunteer) corn jdaiits killed by frost wei*e 
k(*pt in a cool room and tested at intervals of about a month. A very high 
per(*entage of sj)Oi‘es germinated up to January 4. The results of later 
tests wTre as followis: February 1, rather low per cent; February 27, 10-15 
per cent; March 29, 10 zt j)er cent; A])ril 17, 1 — i)er cent. A third (‘ollec- 
tioii from nearly mature coni plants, October 2, 1923, w’as ke])t at room 
tem])eraturc until November 14, and after that in a cool room. When last 
tested, x\i)ril 17, 1924, between 1 and 5 })cr cent of s])ores germinated. So 
in these tests uredospores remained viable at least 143 days after collection 
in 1922 and 168 to 180 days the next year. 
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Pxiccinia coronaia Cda. on Avena aativa L. 

Uredospores of this rust were eollected October 18 and November 2, 
1923. Both collections were kept at room temperature until November 6, 
and after that date in a cool room. Tests at approximately monthly inter- 
vals ^ave positive results to J\lareh 29, and negative results April 17. From 
1-5 i)cr cent of spores collected October 18, still germinated March 29, but 
only an occasional spore of the later collection. Some of these spores 
therefore continued to germinate for 149 to 164 days after collection. 

Pnccinia mvnthae Pvrs. var Americana Burr, on Monarda fintnlosa L, 

Uredospores collected October 9, 1923, were kept at room temperature 
till November 14, and later in a cool room. In tests similar to those above 
some spores continued to germinate until ]\larch 29, but none at the next 
test on April 17. Hence some of these spores retained their ability to 
germinate at least 173 days after collection. 

Uromyces caryopliyUi^nis (Svh.) Winf. on Dlavflms caryophylliiH L. 

Uredospores were collected on living carnations in the greenhouse 
November 17, 1923, and after drying were stored in a cool room. A very 
high percentage of spores germinated when tested Novem])er 17 and Decem- 
ber 12, and fewer January 4 and February 1. However, 25 ±: ])er cent still 
germinated February 27, from 1-5 ])er cent IMarch 29, 10 ±: ])(*r C(‘nt April 
17, 1 zb per cent May 3 and 1 — per cent May 19. It is evident from these 
tests that some urodos])ores of this rust may remain viable at least 185 days. 

Pnccinia amorphac Curt, on Amorpha fruficosa L. 

Uredospores collected October 8, 1923, were kept at room temperature 
until November 14, and after this date in a cool room. Positive results in 
germination tests were obtained to January 4, but none on F(‘bi*uary 1, or 
later. These spores therefore remained viable for at least 89 days after 
collection. 

Summary of Hesitlts Befekhed to on ViAniUTY of UREDosimics 

Ward, Pnccinia dispersa (Erikss.) 61 days. 

Fromme, Puccinia coronifera 84 days. 

Heed and Holmes, Puccinia coronaia Cda. 77 (91?) days. 

Melhus and Durrell, Puccinia coronaia Cda. 55 days. 

Peltier, Puccinia graminiSf Form HI 92 days. 

Fraizer, Puccinia helianthi 182 days. 

Spaulding, Cronariium rihicoJa 80; 100; 169; 270 days. 
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Taylor, Cronarlium rihicola Overwintered. 

Maneval, Uromyccs siriatns Selir. 173; 178 days. 

Maneval, Puccima soryhl Sehw. 143; 168; 180 days. 

Maneval, Puccwia coronaia Cda. 149; 164 days. 

Maneval, Puccinia mcnihac Pers. var. americana Burr. 173 days. 
Maneval, Uromyccs caryophyllinns (Sell.) Winl. 185 days. 

Maneval, Pnccinia amorphac (Airi. 89 days. 

These reeords for 10 speeit's of rusts show lliat at least 7 of them may 
live approximately 6 months at rather eool temjieratui’es and moderate 
liumidity. dudpfin^ from tin' behavior of these it is probable that under 
certain conditions nredospores of manj’ other sjieeies would retain their 
^(Tininatin^ power from 3 to 6 months, or ev(‘n longer. It is ATiy probable 
that such conditions sometimes exist in nature, and particularly in barns 
in stored hay, and so forth. Hence it is very likely that rusts such as those 
of corn, alfalfa and oats may overwinter in the uredo stajije, bo disseminated 
and beeonn^ established in the sprinj?. 
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LONGEVITY OF CULTURES OF FUSARIA 
W. E Maneval 

In a recent number of Science ]\riss McC'rea (5) points out that thor- 
ougfhly reliable records concerning the longevity of spores of fungi are not 
very numerous. Miss McCrea germinated spores of Aspergilhis oryzae 
which had been preserved, after drying in the air, at an ordinary tempera- 
ture in a sealed tube for twen^v-two years. Bhizopus nigricans also devel- 
oped from the s])orc dust used in tliese tests and so it seems that viable 
si)ores of this fungus loo were i)resent in the sealed tube. 

Various similar records, but generally for shorter times, may be found 
in the literature. For the smuts De I>ary (], ]). I]44) cites the record of 
Liebenberg, according to which spores of various sp(»cies of Ustilago and 
Tilletia, kej)t as herbarium specimens, lived from to HVo years. Other 
investigators of smuts have obtained similar results. Wehmer (6) kept 
])ure cultures of 2 species of fungi in diffuse light at room temperature 
about 2U> years, the culture ve.ssels being plugged with cotton. On trans- 
ferring to a sterile sugar medium 7 species failed to develop, 8 grew at once, 
and 6 after several weeks. In the case of these 6 species growth was obtained 
only after ])ouring a sterile medium into the original cultun's. The fungi 
tested were mainly Phycomycetes and species of Aspergillus. Lai’ai' (4, p. 
201) cites earlier records of Wehmer for Aspergillus wenfii (14- year), 
A. niger (8 zh years) and A. oryzae (4 4- years). Lafar also refers to the 
work of Eidam, Hansen and Brefeld indicating that spores of A. flarus, 
A. funiigatus and A. glaucus may remain viable for C, 10 and 10 years 
respectively. Hansen (2) ke])t perithecia of Ajuxiopsis stercoraria dry in 
paper folders from 1874 to !I89r). Transfers of ascospores were then made 
to a wort-gelatine medium and in a few days a vigorous, practically pure 
vegetative growth of Anixiopsis developed. Kurzwelly (8) found that 
spores of Phy corny ce^ nit e ns dried in air died in a comparatively short 
time but if dried in a dessicator and stored in absolute alcoliol still germi- 
nated after 2 years and 2 months. 

In the spring of 1910 the writer placed stock cultures of species of 
Fusarium labeled as follows in an ice chest : 

(1) Fnsarinm conglntinans 

(2) Fusarium nivcuni 

(8) Fusarium oxysporum Schlecht. 

(4) Fusarium vasinfectum Atk. 

(f)) Fusarium discolor App. and Wollen. 

(6) Fusarium gibbosum 
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(7) Fusariwn coerulcum (Lb.) Saoc. 

(8) Fusari'im solani (]\1art.) Saec. 

(9) Fusarium trichoihecioides Wr. 

(10) Fusarium discolor var. suJphureum (Sc'hleclit.) App. and Wollemv. 

The test tut)es containing? the cultures were ])lu""ed with cotton and the 
fun"i were "rowing on stems, except Fusariuui discolor and Fusarium d/s- 
color var. suJphurcum which were on a{?ar. All of the cultures were oh* 
tained by Dr. Gcorj^e M. Heed in the sprinj? of 1916. The culture of F. 
conalutinans was received from the University of Wisconsin, and had been 
isolated from diseased cabbaj?e January 14, 1918. The culture of F. niveum 
was obtained from C. W. (-arpenter of the U. S. Dej)artment of Aj^ricuL 
ture. Tlie Avriter do(*s not know the exact source of the other eif?ht speci(‘s, 
but it se(mis that tliey Avere all obtained from the same source, very pro})ably 
from the V. S. l)ei)artment of A<rriculture. All apparently Avere authentic 
cultures. 

I)ui)Iicate transfers from these cultures A\ere made to potato dextrose 
(2 per cent) a<?ar jMarch G, 1924, and allowed to incubate at room tem- 
perature. Hy ]March 10 jjroAvth in both tubes of F. ojrysiprum and of F. 
conijluiinaus Avas eAident and in one tube of F, vasinfccium. On this date 
the entire ])iece of stem in tlie case of F. (jihhosnm Avas transferred and to 
the other tubes in Avhich there Avas no <?roAvth a second transfer of spores 
and mycelium Avas made. On March 15 piroAvth Avas evident in the second 
tul)(‘ of F. rasi}7f('ctum and in the tube of F. (jibhosum containing the ])iece 
of stem. Tavo or three days later ])ieces of agar or else stems Avere trans- 
ferred in the case of the 6 s])ecies that had not, groAvn. Positive results Avere 
obtained from these transfers by March 24, Avith F, uivcnm, F. discolor, F. 
trichoihecioides and F. solani, but the other 2 species {F. coerulcum and F. 
discolor var. sulphureum) ncATi* greAv, So after being preseiwed for ap- 
proximately 8 years at a temperature near 10° C., most of the time, in test 
tubes plugged Avith cotton and in a rather moist atmosphere eight out of 
the t(*n species of Fusaria tested grcAV more or less readily. 

One of the recommendations for control of diseases caused by species of 
P^usarium is a rotation of 5 to 8 years, based on the fact that a particular 
species of the fungus, if once established in the soil, Avould persist for sev- 
eral years. In such cases however it is probable that neAv growth occurs 
to some extent every year. In the stored cultures used in these tests it is 
likely that no new groAvth occurred after the first fcAV Aveeks of storage in 
the ice chest and so the CAudence is practically conclusive that either spores 
or mycelium or both remained A’iable for between 7 and 8 years. 



410 


Phytopathology 


[Vor. 14 


LITERATURE CITED 

1. HeBaky, a. Comparative Morphology and Biology of the Fungi, Mycotozoa and 

Bacteria. 5£5 p., lf>8 fig. 1887. (English trans. by E. F. Garnsey, M.A.), 
Oxford. 

2. Hansen, E. Ciiii. Biologische Untcrsuchungen iibcr Mist bewohnende Pilze. Bot. 

Zeitung. 55: 18P7. 

3. Kuhzwelly, WAT/rnEK. Ueber die Widerstandsfahigkoit trockencr pflanzlicher 

Orgaiiismen ge^gen giftige Stoffe. Jahrb. f. wiss. Bot. 38: 291-341. 1902. 

4. Lafar, Franz, llandbuch dor tcchnisohcn Mykologio 1: 200-202. 1904-7. 

5. MoCrea, Adelia. Longevity in spores of Aspergillus oryzae and JRhizopus nigricans. 

Science, N. S., 58: 420. 1923. 

6. 'VVehmeu, C. timber dip Loboiidsdaiier cingetroekneter Pilzkulturen. Bor. d. d. Bot. 

Gesell. 22: 470-478. PI. 1904. 

Department op Botany, 

University op Missouri 



THE IIkSE op sulphur AS A FUNGICIDE AND 
FERTILIZER FOR SWEET POTATOES 

J. F. Adams 

Wri'ji Font Fkiuijks in the Text 

Experimental Avork Avith inoenlaled sulphur during the groAving seasons 
of 1922 and 1923 lias established evidenee ol‘ ils iinporlanee as a fungicdde 
and fertilizer for sAA^eet potatoes under DehiAvare conditions. Scurf, pox 
and black rot diseases have been reduced in prevalence and increased yields 
and improved kee})ing qualities of SAA’cet potatoes have been experienced 
Avhere the inoculated suli)hur Avas used. 

During 1922, four experiments Avere established to determine the 
effectiveness of inoculated sulphur for the control of scurf {MonUoehaetes 
itifuscans E. and 11.) and ])ox {(Ufiofipora hatatis Elliott).^ The experi- 
ments Avere established in cooperation Avith growers in Houston, Scaford, 
Laurel and Delmar, Avhich are tlie j)rincipal centers of the commercial 
l)roduction of sAveet |)otatoes in DehiAvare. One acre and half acre [)l()ts 
Avere used, and tin; soil Avas of the sassafras series. The results of tlui ex- 
periments for 1922 arc summarized in table 1. 

TA15LE 1. — Jic8ulls with inoculated sulphur on yuld of swict potatoes and disease 

control dnrtny 


Expoiinient 

Feitilizei 
per Acre 

Inoculated 
Sulphur 
jier Acre 

Soil 

Reaction 
at Harvest 

Total Yi(*ld 
Primes, 
Seconds and 
Stiings 

In Cl ease 

Scurf 

Pox 

1 

l.bs. 

1 1J)S. 

plT 

Bu. 

Bii. 

% 


Tr(*ated 

1/JOO of 

I’OO 

4.58 

404 0 

102.0 

Trace 

0 


a 4— 7-15 j 

Broadcast 






(ylicck 



t.43 

.302.0 


0 

0 

o 

Treated 

1,000 of 

400 

3.90 

29().;i 

9S.S 

' Tiace 

40 


a 2-8-10 

Bi oadcast 






Chock 

( i 

and drilled 

4.70 

197.5 


15 

95 

8 

Treated 

1,000 of 

400 

1 “ ' 

3.79 ; 

250.0 

(il.8 1 

1 

0 


a 5-7-5 

Brilled 

[ 


1 


1 

Check 

( f 


4.98 i 

185.2 

I 

1 

35 

0 

4 1 

Treated 

1,500 of 

300 

4.72 ; 

270.0 

i 

1 

10 

0 


1 aa-8-10 

Top 



1 



Check . . I 

i { 

Dressing 

4.80 j 

270.0 

... 

30 

0 


1 This disease has been generally reported as being caused by the slime mold de- 
scribed by Elliott as Cytospora hatatis. This is not in agreement with the writer’s 
findings who considers that the causal pathogene remains to be determined. 
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In experiment 1, the ‘'Big Stem’’ variety of sweet potato was used and 
the plants set 18 x 32 inches. The inoculated sulphur was applied broadcast 
at the rate of 200 pounds per acre about three weeks before the sprouts were 
set. The total yield (primes, seconds and strings) is reported, wdiich shows 
an increase of 102 bushels on the treated plot compared with the check plot. 
The total yield was computed by weight (one bushel weighing fifty-eight 
pounds) for one acre from the harvest of fifty hills in each plot. The tubers 
were nearly all of average prime size and a smaller percentage of strings 
than usual was found. The check plot showed 6 per cent i)revalence of 
scurf as comj)ared with only a trace in the treated j)lot. 

The same variety of sweet potato w^as used in experiment No. 2 and the 
plants were set 18x42 inches. The inoculated sulphur was applied broad- 
cast and also drilled in the row at the rate of 200 pounds per acre for each 
application. The field in which the experiment was located had been 
cropped continuously in sweet potatoes for over ten years. The prevalence 
of pox had been of increasing severity, and the crop in 1921 showed 100 p(*r 
cent infection. Considering the past history of the sweet potato crops in 
this field, the yield in 1923 was very superior. The total yield was s(*cured 
at harvest time in five-eighths baskets for each acre plot. The sulphur 
treated plot gave an increase of 98.8 bushel over the total yield of the check. 
The prevalence of 15 per cent scurf and 95 per cent pox in the check plot 
were reduced respectively in the sulphur treated ])lot to a trace and 40 per 
cent. The pox symptoms were most prevalent upon the larger fleshy roots 
and were of a shallow type, indicating that infection had become cstabUsh(‘d 
during the latter part of the growing season. The sweet ])otatoes from the 
sulphur treated j)lot were much cleaner and much brighter in appearance. 

A mixture of two varieties, “(told Skins” and “Big Stems,” was used 
in experiment No. 3, and the plants ^vere set 20 x 36 inches. The total yield 
reported was secured at harvest time in five-eighths baskets from one-half 
acre for each plot. The control of scurf in the sulphur treated plot was very 
conspicuous being reduced to 1 per cent as compared with a 35 per cent 
prevalence in the check plot. As the result of contact of the roots with the 
sulphur, a reddish ])igmentation of the fleshy roots was found in some hills. 
The nature and extent of this skin coloring was not of sufficient importance 
to interfere with their marketable value. The increase yield from the 
sulphur treated plot was 64.8 bushel over the total yield of the check plot. 

The “Yellow Jersey” variety of sweet i)otato was used in experiment 
No. 4 and the plants were set 17 x 32 inches. The inoculated sulphur in this 
experiment was applied as a top dressing two w^eeks after the sprouts were 
planted. The total yield was not measured in this experiment, but it was 
estimated by the gi’owor at 270 bushels and with no difference in yield on 
the two plots. The prevalence of scurf was reduced from 30 per cent in the 
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check to 10 per cent in the treated plot. Jilack rot was only sli|^litly preva- 
lent, and the examination of the harvested crop failed to show any notice- 
able dilTerences in the amount of disease prevalence in the two plots. 

The "rowing? season of 1922 was very favorable for |j;rowth of sweet pota- 
toes and yields above normal were frenerally rejiorted by growers. Exj)eri- 
niental results with inoculated sulphur dnrinjr 1922 showed decided in- 
creases in yield, and a reduced prevalence of plant diseases. Soil samples 
wei*e taken at liarvest time and the soil reaction determined by tlie electro- 
metric method and the hydroj^en-ion concentration reported as the pll ex- 
ponent.^ These results are shown in table 1, and it was found that the soil 
acidity had been incr(‘ased in each experiment exce[)t ex])eriment No. 1. 
While consistent increased yields and plant disease control were secured, 
there was no definite correlation with the increased acidity. The increased 
yields show some evidence of the relation of yield to the amount- of potash 
in the various complete fertilizers used. A more detailed analysis in this 
rt\s])ect is hardly warranted with this preliminary work but will be taken up 
in the jyeneral discussion on the two years work. 

The ex})erimental work was continued during 1923 at Houston and Del- 
mar. At Houston, two ditferent experimental plots of one acre each were 
used. In the exj)erimental plot for pox coTitrol the variation in the soil of 
the exi)erimental field was such as to make it more practical to report the 
results as exj)eriments No. 5 and No. 6 as given in table 2. The variety of 
swe(*t ])otato grown in the three ex])eriments as n»])orted in table 2 was the 
“Big Stem” and the ])lants were set 18 x42 inches. 


TABLE 2 . — Hcsults of iiwcuhttr^J ftidplmr on yidd of potato and control 

of pox in 


Experiment 

Fertilizer 
per Acre 

Tjioeuluted 
Sulphur 
per Aei'O 

Soil Reae 

May Aug. 

tion 

Get. 

5 

Lbs. 

Lbs. 

pH pH 

pH 

Treated 

1,000 of 

300 

5.10 

4.54 

4.13 


a 2-8-8 

Broadcast 




Cheek 

i i 


5.33 

5.80 

5.03 

() 

i i 

300 



r 

Treated 


Broadcast 



1 

Cheek 

( ( 

1 




7 

( i 

200 


5.00 

4.12 

Tr(‘ated 


Broadcast 




Cheek 

4 ( 



5.93 

0.03 

1 


: ! Severe 

Clean Slight Pox 
Crop Pox Not 
- I Salable 

1 

Bn. Bu. 1 Bu. 
83.5 214.2 ' 3(M) 

32.1 I 143.0 , OS.O 

i7(T.6 I I 3.3 


113.4 

i 100.0 1 

1 

00.0 

318.1 

i 

i 

1 • i 

1 


2.59.9 i 


Prim(‘s, 

I Seconds 
land Strings 
' Salable 
Total Yield 

! Bu. 

207.7 

175.1 

~443.2~ 

2S0.0 

i 31^1 

I 250.9 


iThe soil reactions were all determined by Professor Tarr, head of the Chemistry 
Department* 
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In experiment No. 5, the soil was of the sassafras loam type which has 
in ]:)revioiis years received frequent applications of manure. The soil con- 
tained a higher content of organic matter than the soil in any of the other 
experiments. Sweet potatoes harvested from this ground in 1922 showed 
lieavy infection of ])ox. The yield reported in table 2 was computed from a 



Fig. 1. Top. Results of keeping qualities of one buslicl of sweet potatoes after two 
months in storage from sulphur- treaGnl plot in Exp. No. 5. Clean swe(*t 
potatoes on left, Jllaok Rot sweet iiotatoes in micldlo and Boft Rot 
sweet potatoes on light. Bee table IV. 



Fig. 2. Results of keeping qualities of one bushel of sweet jiotatoes after two inoiiths in 
storage from check plot in Exp. No. 6. Clean sweet potatoes on left, Black Rot 
sweet potatoes in middle and Boft Rot sweet potatoes on right. Bee table IV. 


composite sample made up of twenty -eight hills each from two different 
rows. The evidence shows a material control of pox and an increased total 
yield as well as an increased commercial yield on tlie sulphur treated plot 
ns compared with the check. There was an increase of 3.6 per cent of 
primes from the treated plot over the total of primes from the check. The 
sweet potatoes from the treated area were much brighter in color and seemed 
more crisp in handling. 

Experiment No. 6 was located on a soil of the light sassafras type but 
was similar to the preceding experiment in so far as the use of fertilizer 
and tlie variety of sweet potato u.sed. The yield reported in table 2 w^as 
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compiilecl from a composite sample made up of twenty hills each in two 
dilferent rows of sweet potatoes. The actual commercial yield in primes 
showed a ten per cent increase for the sulphur treated plot. The amount 
of severe pox infection was much less than in the preceding experiment, 
where there was more organic material in the soil. The treated area com- 



Fio. 3. from twonty-oiglit hills of sweet potatoes hi sulpluir-treated 

plot of Kxp. No. 5. 



Fig. 4. Yield from twenty-eight hills of sweet iiotatoes in cheek plot of Ex^). No. 5. 
The twenty-eight hills were consecutive and in parallel rows from each plot. 


pared Avith the check showed an increase of 55.7 per cent of clean roots, 
60.J1 per cent of commerciable diseased roots and a decrease of 93.8 per cent 
for roots not commercial. 

In experiment No. 7, the variety of sAveet potato and fertilizer used Avere 
similar to the preceding experiment except that a reduction of 100 pounds 
per acre of inoculated sulphur Avas made. The total yield reported shoAA^s 
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a practical increase for the treated area but not as marked as in the two 
preceding experiments. There was practically no trace of scurf or evidence 
of black rot in either plot. 

In experiment No. 6, the actual commercial yield showed a prevalence 
of 2.23 per cent of black rot for the treated area and 8.5 per cent for the 
check. At the time of harvest October 9, 1923, there was an apparent re- 
duction of black rot on the sweet potatoes from the treated area. In the 
majority of the instances of heavy inrection, black rot ai)peared to have 
become established through the lesions caused by the pox infection. At the 
time of harvest, the question was raised as to whether or not there was an 
actual control of black rot or an apparent reduction because of the heller 
pox control. Further evidence in relation to the question of the control of 
black rot is indicated in the results secured on the keeping qualities of the 
sweet potatoes in storaj^^e. Round bushel baskets were used in which to 
store the potatoes and they were filled in the field by the g^rower in the sanuj 
manner as the commercial harvest was made in the standard % baskets. 
The baskets were ]fiace(l in the upper loft of a heated storap:e house and 
examination was made on December 10 at which time the data rej)orte(l in 
table 4 Avas secured. The results as far as the control of soft rot was (*on- 
ceiTied were consistent. Soft rot may become established throu*?!! careless 
liandlinf? at haiwest and in storage. More extensive studies are ess(*ntial 
before any definite conclusion may be drawn. Soft rot was more f?(*n{‘rally 
prevalent at harvest time durin«^ 1923 than during? the previous tliree 
years. While the storajye period was only of two months duration, the 


TABLE 3. — E( suits of inoculated sulphur on yield of sweet potatoes and contiol of 

scurf in 19^3 


1 Fertilizer 
Experiment 8 j Acre 

Inocu- 

lated 

Hill- 

Soil Reaction 

Crop 

Primes 

Clean 

Crop 

Primes 

with 

Crop 

Sec- 

onds 

Crop 

Sec- 

onds 

Total 

Com- 

mercial 

Sc ill- 



1 ) 1 ) ur 

June 

Oct. 

Scurf Clean 

Scurf 

Yield 


Plot 

1 

5 tons 
Manure 
and 1,000 
lbs. of a 
3-7-5 

Lbs. 

150 

pii 

5.50 

pH 

5.50 

Bu. 

207.1 

Bu. 

52.80 

Bu. 

47.0 

Bu. 

5.4 

Bu. 

312..3 

22.8 

Plot 

2 

Received 400 
lbs. of sulphur 
ill 1922 

< t 



5.20 



91.5 

91.5 

91.5 

10.9 

^ 285.4 

55.9 

Plot ~~ 

3 

Check 

1 ( 


5.81 

5.64 

TsgTiT 

65.1 

66.9 

~5.3 

272.8 

34.7 
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results were sufficient to indicate that the sulphur treatment in the field 
had an influence on the keeping (pialities and upon black rot development 
in storage. The evidence is presented as a preliminary report and the 
results are of such a i)romising nature that more extensive studies shoidd 
be conducted. 

The experiment established in Delmar during 1923 is outlined in table 
3. A mixture ofc* ‘MIold Skins” and ^‘Big Stems” was used in ex])eriment 


TAHLE 4. — 2'hc relation of inoculated suljdeur treatment for sweet potatoes on the de- 
vdopment of black rot after sixty days' storage 



From Treated 

Plot 



From Check Plot 



Basket 1 




Basket 1 



No. 

L])s. 

% hi 

No. 

Lbs. 

% in 


Potatoes 

Potatoes 

Lbs. 

Potatoes Potatoes 

Lbs. 

8oini<l 

4.*] 

20.1 

02.3 

20 

10.5 

24.8 

Hla<*k Rot 

15 

11.0 

27.4 

.35 

27.9 

05.9 

►Soft Rot 

<) 

4.5 

10.0 

9 

3.9 

9.2 

Total 

07 

42.4 

l()0.;i 

04 

42.3 

99.9 


Basket 2 




Basket 2 


Souinl 

(11 

10.25 

83. S 

27 

15.5 

37.1 

]>Ja('k Rot 

(1 

2.75 

0.5 

27 

23.5 

50.2 

Soft liot 

() 

4.25 

9.8 1 

5 

2.75 

().0 

Total 

7.1 

i;i.25 

99.9 1 

5!) 

41.75 

99.9 


No. 8. Each plot consisted of one acre. The total commercial yield was 
c()m]>uted at harvest time in fi^ e-eighths baskets from one ([uarter oi' each 
acri' plot. All three plots received an application of manure and a com- 
plete Tertilizer. It is of special interest to note tlmt in contrast to the otlier 
(‘xperiments an organic fertilizer Avas ai)plied in addition to the mineral 
fertilizer. Plot 2 is the same area as used in experiment No. 3 during 1922 
and Avas included to determine the residual etfect of the 1922 treatment. 
However in this instance, the evidence indicates that the organic fertilizer 
increased the buffer action and decreased the acidity of the soil, (.-ommer- 
cial increased yields Avere secured from the plots receiving sulphur treat- 
ment, but the control of scurf Avas not as marked as in the otlier ex])eri- 
ments. Tt is evident that the addition of organic material faAT)red greater 
prevalence of the scurf, evtui on the sulphur treated plots. No doubt better 
control would have been secure*d if the application of sulphur had been 
doubled. 
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Before discussing the experimental work ijonducted during 1922 and 
1 923, it should prove interesting to review some of the previous work with 
sulphur as a fungicide and fertilizer for potatoes. 

Halsted (3) used flowers of sulphur at the rate of 2500, 1250 and 625 
pounds per acre. He found that ‘‘sulphur gives the highest yield of clean 
roots which w^cre very smooth, and fair, free from scurf and all cracks and 
disfigurements.’’ In 1898, Halsted (4) found that sulphur alone and in 
combination wuth lime and kainit demonstrated that the total crop yield 
for the sulphured plots was nearly three times as much as for the untreated 
plots, and the w^eight of clean roots was more than ten times as much. 
“The experiments for the past four years show clearly that the soil rot 
may be held in check by sulphur, and the fungicide retains its ])Ow^er for a 
long time in the soil. It is also seen that kainit has a beneficial action, and 
w ith sulphur good crops of comparatively clean roots may be produced upon 
land thoroughly filled with the germs of the soil rot. The ex])erinients in- 
dicate that three to four hundred pounds of both the sulphur and the kainit 
may be used, and the best results are to be effected when the tw^o substances 
are mixed thoroughly in that portion of the soil where the new^ roots are to 
form.” The large amounts of sulj)hur as originally used by Halsted are not 
considered practical in view’ of the experimental results secured in Dela- 
ware. Three to four hundred pounds of sulphur per acre are considered 
the practical limits for the most favorable results. 

Chester (1) used sulphur at the rate of 265 pounds to the acre by apply- 
ing a tablespoonful to the hill as each plant was set. He concludes that 
sulphur applied in this w’ay i)robably has some decided efiVct in diminishing 
the black rot. 

Taubenhaus and Manns (10) found that when seed is infected wdth 
black rot, sulphur is of no value as a treatment. Sulphur is also ineffective 
in preventing soft rot in the seed bed. Thus a mere sprinkling of it is all 
that is necessary for an excess of sulphur in the soil inter I’eres with the 
proper sprouting and growing of seed. The harmful effect of the excessive 
use of snljihur is apparently due to the prevention of the movement of 
water through the soil as Avell as to excessive acidity. 

Poole (7) has reported upon some extensive experiments with the use 
of sulphur and inoculated sulphur for the control of scurf and pox. The 
studies on pox control show^ed that sulphur broadcasted at the rate of 200 
and 400 pounds per acre decreased the per cent of infection and the slight 
control appeared to increase the yield. It was found that a higher per cent 
of nitrogen than is used on a normal sw^eet potato soil is advised for infected 
soils. Soil acidity is suggested as having some relation toward the reduction 
of disease. The scurf disease was reduced to a minimum by sulphur, and 
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inoculated sulphur. The scurf fungus was most virile under normal mois- 
ture conditions in the presence of an abundance of organic matter. 

In summarizing the work with sulphur and inoculated sulphur, it has 
been found that consistent and practical control of scurf and pox was se- 
cured. However, in none of the work reported upon have the variable 
factors been sufficiently uniform to derive accurately any specific correla- 
tions. Some of the variable factors that apj)ear definitely related with dis- 
ease control are soil type, soil reaction, temperature, moisture, organic mat- 
ter and to a certain extent mineral fertilizers. 

It has been found that scurf and pox are more generally prevalent where 
the soil contains a high organic content. On comparing the control of these 
two diseases in experiments No. 5 and No. 8, it is found that the reduction 
of disease ])re valence is much less on those soil types with higher organic 
content. Increasing the amount of sulphur applications on such soil types 
no doubt would increase the disease control. It is difficult to correlate 
definitely the results in control where different soil types were used. Never- 
tludess, tlie results reported on the work for 1922 and 1928 are such that 
sulphur can be used on variable soil types in Delaware for securing disease 
control that will prove practical for the grower of sweet potatoes. 

Soil reaction studies ap])ear to show some relation to the disease control 
and increase yields. With but one exception, it was found that as the pll 
ex])onent decreased and the hydrogen-ion concentration increased the preva- 
lence ot disease decreased. When the sulphur is applied to the soil, it is 
assumed to be transformed into sulphuric acid which is known to j)Ossess 
certain fungicidal properties. It is difficult to state with the results secured 
whether this end product of sulphur oxidation has proved directly toxic or 
has created conditions })ossibly through other products that have resulted 
in the inhibition of the soil pathogenes. In considering the acidity result- 
ing from the suli)hur applications, there is also a question whether the 
restraint of fungus growth is due to the total acidity or to the toxicity of 
the soil acids. The increased vigor of plant growth, as indicated by the 
increased yields on the sulphur plots, is possibly a factor in the reduction 
of disease prevalence but cannot be considered as the primary factor. It 
is obvious that with but one exception, experiment No. 1, that sulphur 
applications have increased the soil acidity and resulted in decreasing the 
disease prevalence and increasing the yields. In experiment No. 1, the 
decrease in acidity wdth the sulphur treatment may be associated with the 
higher buffer reaction of the soil. This appears to be well illustrated in 
experiment No. 8 on plots 1 and 2 where manure was applied along with 
the mineral fertilizer and sulphur. 

The soil type will unquestionably influence the amount of change in soil 
reactions through sulphur applications which complicate correlations with 
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the soil acidity in the work reported. Joffe (5) states that some soils defi- 
cient in sulphur may also be deficient in buffering agents. Since sulphuric 
acid, which is formed from sulphur oxidized, has a iiigli dissociation con- 
stant ; and the latter is also a measure of the concentration of the hydrogen- 
ion, then a small amount of sulphuric acid or any other inorganic acid 
will imj)art to a soil poor in buffers a high concentration of hydrogen-ions. 
It is evident that soils of such a nature, even though entirely free from 
sulphur, will not respond to sulphur applications. Extreme variation is 
to be expected in the capacity of soils to neutralize, absorb and adsorb the 
acids formed. Shedd (9) found that sulphur oxidation in sand was slower 
than in soil, the more fertile the soil, the more rapid the oxidation. His 
results are in keeping with those reported by Joffe (5), that peat has a 
beneficial influence on the oxidation of the sulphur in alkali soils and manure 
comes next. 

The disease control secured through sulphur applications along with the 
increase yields indicates that soils with the high hydrogen-ion concentration 
are favorable to the growth of the sweet potato plant. There is <‘vid(‘nce 
that as the pll exponent decreases and the hydrogen-ion concentration in- 
creases the yield increases. The increased vigor of growth as indicated by 
the increase yields for the experimental work reported may possibly be a 
partial factor in the disease control. It is evident that the sweet ])otatoes 
will be productive under conditions of soil acidity that are not tolerated 
by certain other farm crops. The two years work vith stilphur indi(‘ates 
that the sweet potato is an acid-tolerant plant. For this reason continued 
cro]:)ping of sweet potatoes on the same soil is more practical if prof)er 
sanitation for ^he plant diseases is maintained. The residual effect of the 
sulphur applications on many soils, poor in buffers, would recpiire a cor- 
rection of the soil reaction that may not prove practical in the rotation of 
certain cropf.-. 

The relation of temperature is a factor in disease ])revalenc(' as well 
as in growth and development of the host in relation to the sulphur appli- 
cations. The sweet potato plant appears to be productive under higher tem- 
perature conditions and these same conditions along with average rainfall 
are favorable for the soil pathogenes. The influence of temperature upon 
the soil pathogenes is probably a factor for increased infection that may be 
cumulative and in direct relation to the development of the host. 

The increased yields secured with sweet potatoes during the exiK*rimen- 
tal work of 1922 and 1923 with the applications of inoculated sulphur is 
sufficiently consistent to consider this element, or mineral, as a fertilizer or 
plant food for sAveet potatoes in Delaware. The experiments reported upon 
during 1922 further show evidence that there is a correlation with the 
amount of potash used, as the increased yields are in proportion to the 
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potash content of the complete fertilizers and amount applied. In addi- 
tion to the funp:icidal and plant food value of the inoculated sulphur, it is 
a factor in making available other plant food in the soil. Joffe (5) states 
that the sulphuric acid produced by the oxidation of sulphur may be utilized 
for the unlocking of jmtassium from the insoluble silicates. ISchermerhorn 
(8) in summarizing results of fertilizer experiments with sweet potatoes 
found that as the nitrogen increases and the potash decreases, the yield of 
marketable tubers decreases. The reverse was found when the potash was 
increased up to 8 per cent and the nitrogen decreased to 2 or 3 i)er cent, 
as there was a decided increase in yields. The results also show that the 
phos])horic acid api)arently plaj’ed but a small part in the production of 
sweet potatoes. 

It is of interest to mention in connection with the increased yields re- 
ported with inoculated sulphur that Johnson ct al (6) secured marked 
increased yields of sw(h 4 ])Otatoes with sodium chloride as a top dressing 
apidied at the rate of 1000 pounds per acre. In comparing sodium and 
I)otassium salts, it was found that top dressings of potassium sulphate and 
potassium chloride containing bO i)er cent potash and sodium sulphate and 
sodium chloride of 98 per cent purity as top dressing gave increased yields 
over the che(‘k plots. They had a beneficial effect upon production. The 
sodium equivalent treated ])lots taken as a whole showed no sui)eriority in 
yield over the j)Otassium equivalent plots. 

The improved keeping qualities of sweet i)otatoes in storage as the 
result of sulphur ai)plications to the soil is of fundamental and economic 
imj)ortance. Poole (7) has found that sweet potatoes from plots receiving 
high amounts of nitrogen did not keej) as well as the x)otatoes which grew 
on the ])lols that rec(*ived mixtures containing high phosphate and i)otash 
compounds. Where sulphur was used, there was less shrinkage than wdiere 
it was not used. The storage rots were less in the potatoes stored from 
plots treated with sulj)hur. lie considers that the su])erior keeping qualities 
noted in potatoes grown on soils where sul])hur was used is no doubt due 
to the condition of i)otato skin. No proof is advanced in support of this 
statement and it would be of further interest to determine if any physiolog- 
ical changes may be a factor. Many growers in Delaware are of the opinion 
that the larger amounts of phosphate used improves the keeping qualities 
of sweet potatoes. 

The general sandy soil types used for sweet potato production in Dela- 
ware have showm their receptiveness to sulphur applications for the favor- 
able production of sweet potatoes. The increased soil acidity resulting from 
the sulphur applications has proven favorable for the growth of the sweet 
potato host. The increased soil acidity resulting in some instances from 
sulphur applications has been found to be unfavorable for optimum growth 



422 


Phytopathology 


[VoL. 14 


of certain crops like white j)otatoes, rye, wheat and corn. It is interesting 
to consider that Eaton (2) found that most of the sulphur of soils is in 
organic form. He states, ‘"there is a general correlation between the sulphur 
and organic matter content, soils of a high organic matter content having 
in general a high sulphur content. The surface soils are in general higher 
in sulphur than the subsoils. Judging from the results obtained and the 
work of other investigators, sulphur fertilization should prove quite gen- 
erally beneficial on the Atlantic coast and Gulf coast. 

Summary 

The use of inoculated sulphur^ in Delaware has established evidenee of 
its importance as a fungicide and fertilizer for sweet potatoes. 

Consistent and practical control of scurf and pox have been secured and 
evidence that black rot is reduced in prevalence in the field as well as in 
development in storage on sweet potatoes where sulphur was used. 

Consistent increased yields were secured where sulphur w^as used along 
W’ith practical applications of a complete fertilizer. 

Soil reaction studies appear to show some relation to the disease control 
and increased yields. 

Results indicated that as the pH exponent decreased and the hydrogen- 
ion concentration increased the disease prevalence decreased. 

There is evidence that as the pIT exponent decreases and the hydrogen- 
ion concentration increases the yields increase. 

It is considered as a result of the experimental work in Delaware that 
three hundred pounds of inoculated sulphur per acre is the maximum 
quantity essential for practical control and increase yields. 

Department op Plant Pathology, 

University of Delaware, 

Newark, Delaware 
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A LABORATORY PROJECTION APPARATUS 


Reginald H. Colley 
With Plates XXVI and XXVII 

The greneral principles of optical projection have been so well explained 
by the Gages^ that any lengthy discussion of them in a short article on 
general utility apparatus is unnecessary. The apparatus described below 
was designed by the writer primarily for photomicrography, but it has 
found its greatest usefulness as a projection apparatus for the study of 
sections of infected plant tissue and for the measurement of large numbers 
of fungus spores. The fact that it has served both purposes so well is the 
excuse for explaining its construction in detail. The methods of construc- 
tion involve no essentially new principles; but the combination of old 
principles and tools has been worked up into a very useful ])ieee of labora- 
tory machinery. 

The support for the optical bed is a roomy cabinet six feet long by two 
feet deep by three feet one inch high, with drawers and closets fitted to 
hold all the elements of the apparatus and any other supplementary ecpiip- 
ineiit (Plate XXVI, figs, A and B). The cabinet is mounted on ball bearing 
casters. On the top of the cabinet rests a three inch layer of mattress felt, 
and on top of that the main part of the optical bed, a slab of steatite, or 
soap-stone, measuring six feet two inches long by two feet two inches wide, 
and two inches thick. The mattress felt is naturally compressed by the 
weight of the stone slab. Bolted to the top of the slab — which was planed 
smooth and flat at the factory — are two steel rails % square in 

cross section (Plate XXVII). The bolt holes in the slab are made large* 
enough to allow for some lateral adjustment of the rails. The rails are ordi- 
narily held 10 inches apart and perfectly parallel. Their main purpose is 
to keej) the projection api)aratus in proper optical alignment. 

The elements of the projection apparatus are a fixed rheostat, an arc 
lamp, a pair of condensing lenses and a slight shield, a water cell, and a 
microscope fitted with a right angle prism reflector. All of the elements 
are mounted on wooden blocks (Plate TI). The blocks are built up, or 
constructed from thin pieces glued together, rather than cut from one 
single piece of wood, and so made that the end grain of the wood rests 
against the rails. This arrangement almost entirely avoids the jamming 
and sticking which would be inevitable as a result of swelling on damp 
days if the blocks were placed so that tangential or radial surfaces pressed 
against the steel. 

1 Optical Projection. Gage, Simon Henry, and Henry Phelps Gage. 751 p., 415 fig,, 
Comstock Publishing Company, Ithaca, N. Y. 1914, 



1924] 


COIJ.EY: A PROJECTION APPARATUS 


425 


Adjustment to the correct optical axis is preferably made with the 
wooden base blocks aj^ainst one rail, because in very dry weather the blocks 
sometimes fit a little loosely between the rails. Fine adjustment is then 
accomplished by centering the arc and the condensing lenses and spacing 
them so that the beam of light passes through the water cell and just about 
fills the bottom lense of the substage condenser of the microscope. 

The substage condenser is of the centering achromatic type, easily 
adjustable for distance from the slide and to the correct optical exis. The 
microscope objectives arc apochromatic, and they give better images with 
the arc as a source of illumination than the less fully corrected achromatic 
lenses. Compensating oculars are always used. The microscope is fitted 
with a mechanical stage. 

In [)ractice the ai)paratus is set up so that the microscope j)rojects over 
the end of the steatite slab, as shown in Plate XXVI, figure A. The light is 
directed downwai’d — by means of tiie right angle prism reflector — on an ad> 
justabJe shelf table (Plate XXVI, fig. A). The table is then moved up or 
down until the image of a 10 micron division on a micrometer slide ])ecomes 
10 millimeters long on the table. The size of the image is determined by 
measuring Avith a standard white faced millimeter scale. The top of the 
ta])le is covered Avith a sheet of Avhite paper on Avhich is draAvn a four inch 
circle reju’esenting the central area of the illumined i)rojeeted field. Dis- 
tortion Avithin this central area is at a minimum. Sizes in millimeters on 
the millimeter scale can be read directly as the sizes in microns of the 
objects. 

The lenses ordinarily employed for study and spore measurement Avork 
are the 4 mm. o])jectiAe, fitted with a collar for making the correction for 
cover glass thickness, and a number six compensating ocular. The observer 
can, of course, use the poAver best suited to the problem at hand. With the 
room properly darkened no difficulty has been experienced in the projection 
or study of images at a magnification of 2,500. 

The observer Avho is skilled in making slides and in the technicpie of 
the microscope can do most satisfactory Avork with projection apparatus 
of the type described. There are certain mechanical difficulties in its use, 
but they are easily overcome Avith a little practice. It is obvious that Avater 
mounts cannot be handled on the horizontal microscope. Spores, or tissue 
Avhich is not finished in balsam for example, should be mounted in some 
semi-solid medium Avhich Avill not run at low heat. The glycerine and 
glycerine jelly combination described in an earlier paper^ has proven very 
satisfactory. In no case, with this or any other medium, should the slide 

1 Colley, Eeginald H. A Biometric Comparison of the Urediniospores of Cronartium 
rihii'ola and Cronartium oecidentale. Jounial of Agricultural Research. — In press. 
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become overheated as a result of being left too long in the path of the direct 
light of the arc. 

The ideal way to use the equipment is with the help of an assistant 
who runs the arc, adjusts the substage condenser, places the slides in the 
mechanical stage, and takes down records, while the observer sits on a low 
chair and confines himself strictly to focusing and observing, llis eyes 
are adjusted to the lights and shades of the image under such conditions, 
whereas, if he works alone they are continually thrown out of adjustment 
hy the intense light of the burning carbons. Working alone, however, is 
simply a matter of getting accustomed to the necessary manipulations. 

Much actual labor would be eliminated if a suitable incandescent lamp 
could be found to take the place of the arc. So far none of them have 
proven satisfactory for magnifications as high as 1,000. An accurate clock 
feed arc would probably be easier to handle than the hand feed arc but even 
with the clock feed some adjustment would occasionally be necessary to 
keep the light in the correct optical axis. 

For photomicrography the elements of the projecting equipment are 
pushed to one end of the optical bed to leave room for the camera, also 
mounted on a wooden block, and the whole apparatus is set up as in Plate 
XXVI, figure B. 

The felt and steatite slab arrangement is copied directly from apparatus 
in the offices of Dr. K. F. Kellerman and Dr. N. A. C^obb, of the Bureau of 
Plant Industry. No record has been found of the previous use of the simple 
combination of wooden blocks and square rails on the optical bed. 

The whole apparatus is so heavy that minor shocks do not disturb a 
given set up at all. For that matter even the heavy vibrations caused by 
passing street cars Were in most cases absorbed by the felt, so the equii)ment 
is sufficiently steady for all practical purposes. Additional light shields 
to keep light that escapes from the arc housing from striking the eyes of 
the observer, or from illumining the room too much, and such additional 
equipment as focusing rods can be easily added to the apparatus if desired. 

Office of Investigations in Forest Pathology, 

BuREAit OF Plant Industry, 

Washington, D. C. 
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Plate XXVI 



Fig^. A (Upper). The apparatus set up for projection. The image is thrown upon the 
white paper on the adjustable shelf table. Fig. B (Lower). The 
apparatus set up for photomicrography. 
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Plate XXVII 



The elements of the projection apparatus. From left to right: fixed rheostat, arc, condensing lenses with disk light shield, water cell, 
and microscope fitted with right angle prism reflector. The elements are held in the proper optical axis hy the two steel rails bolted 
to the heavy steatite slab. Note the method of mounting the arc, the condensing lenses, and the microscope on the wooden blocks. 



THE MANNER OF INFECTION OF PEACH TWIGS BY THE 
BROWN ROT FUNGUS 

G. W. Fanti 

In the summer of 1922 there api)eared in sections of New Jersey a 
blighting of peach twigs which caused considerable concern among peach 
growers. Some orchardists were inclined to attribute the condition to toxic 
spray materials, while it appeared possible to the writer and others that the 
broAvn rot fungus, Scicrotinia cinerea, might be responsible. While no 
endeavor was made by the Avriter to ascertain the cause for the twig blight- 
ing in the field, it Avas thought that a study of the conditions under which 
tAvig infection by the broAAm rot fungus takes place would be of value in 
determining the agencies responsible for various cankered areas often ap- 
pearing on the younger groAvth in peach orchards. PreAuous to the api)ear- 
ance of the blighting in the field, inoculation experiments had been con- 
ducted by the Avriter to learn whether a Avounded condition is essential for 
tAvig infection by the brown rot fungus. Other infection studies Avere made 
later in the season folloAving the epidemic of twig blighting. It is the pur- 
j)ose of this paper to report the results obtained from these studies. 

In these experiments the inoculation trials Avere made by apjdying an 
inoculum of brown rot conidia in sterile water to AA^ounded and unAvounded 
p(»aeh tAvigs. It has been shoAvn by Jehle^ that infection through wounds 
takes place readil}'' on the limbs of the peach tree. Current year twigs and 
those of the jAreAuous season are relatively free from visible wounds so that 
Avidespread infection of young tAvigs, more especially those of the current 
year, is associated Avith the problem of whether or not the fungus has the 
ability to penetrate the unbroken epidermis. 

In the infection studies, shoots of the current year and of the pre\dous 
year’s growth w^ere employed. Two series of infection trials Avere under- 
taken — the first in early s])ring and the second in midsummer. In this 
manner it Avas possible to subject the current year twigs Avhen first formed 
in the spring and when more mature in the summer to the inoculum of 
brown rot conidia. 

In the first series, which was undertaken in April and May, moist 
chambers Avere Aised Avhich consisted of inverted bell jars placed upon small 
platforms in Avhich a small opening was left for inserting the twig to be 

1 Paper No. 183 of the journal series, New Jersey Agricultural Experiment Sta- 
tions, Department of Plant Pathology. 

2 Jehle, R. A. The brown rot canker of the peach. Phytopathology 3: 105-110. 
1913. 
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inoculated. Twigs were selected which were free from visible wounds. 
The inoculum was applied with an atomizer. The bell^ jars were lined with 
blotting paper moistened with sterile water. For a period of from three 
to five days following these inoculations, the atmosphere within the moist 
chambers was kept saturated by putting sterile water on the blotting 
paper. In this manner it was possible to maintain the original droplets 
laden with conidia upon the surface of the twigs for a period of several 
days. At the end of one week following inoculation, the moist chambers 
were removed and the twigs w’^ere observed at intervals throughout the 
remainder of the season. The series consisted of six infection trials and, 
with the exception of one twig accidentally wounded in setting up the moist 
chamber, none of these showed evidence of infection. 

The second series, undertaken in midsummer, was conducted with hol- 
low celluloid cylinders serving as moist chambers. In some instances, only 
the tips of new shoots were sprayed with inoculum and inserted, while in 
others the twigs extended entirely through the cylinders. Absorbent cotton 
moistened with sterile water was placed within the cylinder to maintain a 
high relative humidity, and the ends of the cylinder were plugged with 
cotton. Water was applied as often as necessary in order to maintain 
saturation. At the end of one week, the cylinders were removed. No 
twig blighting resulted from this series of inoculations. 

In a number of instances twigs were collected several weeks following 
petal fall, which showed distinct brown rot cankers surrounding the base 
of the blossom pedicels. It has been shown by Jehle^ and others that 
cankers may come about through blossom infection. This form of infection 
is of course confined to twigs one year old or older. When such twigs are 
placed in moist chambers, conidial pustules soon appear u])on the surface 
of the lesions. This indicates that the lesions are caused by the brown rot 
fungus and that undoubtedly the blossom serves as a i)oint of entry for the 
fungus. From our observations, it would seem further that infection first 
of the blossoms and then of the twigs is most common when the blossoms 
have been subjected to injury from freezing. 

The development of cankers in the loci of wounds as reported by iirevious 
investigators has already been referred to. In the experiments of the writer, 
when twigs were injured and the inoculum was applied to the wounds, 
brown rot cankers developed in all cases. These cankei»s continue to enlarge 
for several months, though no data are at hand concerning the length of the 
period of activity of the fungus in cankers. Still another form of fungus 
entry is that brought about by the contact of the mummy with the branch, 

1 Loc. cit.f p. 108. 
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and this type oi* entry lias been ascribed to fungous penetration through 
the fruit spur.^ 

From the experiments reported in the preceding, the conclusion is 
drawn that the unwounded peach twug w^hether newly formed or of the 
previous yearns growth is apparently resistant to infections through the 
epidermis. When twig blighting occurs, it is largely confined to infections 
which enter through blighted blossoms, through attached mummies, or 
through various sorts of wounds which may appear upon the surface of 
the peach twig. 

1 Smith, Enviii F. Peacli rot and poach iilight. .lour, of Mycology 5: 12.3-1114. 
1889. 



THE TROPICAL PLANT RESEARCH FOUNDATION 


P E R L E Y S P A U L 1> 1 N (J 


The Tropical Plant Research Foundation Avas incorporated under the 
laws of the District of Columbia, on dune 6, 1924. The incorporators were 
Dr. Robert A. Harper, Maj. Ceo. P. Ahern, and Dr. Wm. A. Orton. At a 
meeting of the incor])orators the following trustees were elected to take 
charge of the affairs of tlie Foundation: 


/Scientific tnen: lears to A" 

Vrtsidtutj Dr. L. R. Jonos 2 


Vicc-Vraaidiuty Dr. R. A. Harper 


Prof. S. C. ProHcott 2 

Dr. D. L. Van Dine 1 

])r. William Cioeker 1 

Men rfprfsenting business interests: 

Mr. y. M. Cutter 5 

Mr. II. C. Lakiii . 4 


Maj. Geo. P. Ahc’rn M 

Mr. J. T. Crawley . 1 


•rvc 

Tleail of the Department of Plant Pa- 
thology of the University of Wisconsin. 
Representative of American Phytopatho- 
logical Hocicty. 

Head of the Department of Botany of 
Columbia University. Reineseiitative of 
National Research (;Ouncil. 

Head of the Department of Biology and 
Public Health, Massachusetts Institute of 
Technology. 

Professor of Kntomological Extension, 
Pennsylvania State (hillege. Rejiresenta* 
tive of American Association of Economic 
Entomologists. 

Director, Boyce Thompson Institute' for 
Plant Research, Yonki'rs, N. Y. 


Vice-President in chaige of Tiopical 
Divisions, United Fruit Company. 

President, The Cuba thnnpaiiy, New 
York. 

A retired army officer. Formerly, for 
fourteen years, (^hief Fore'ster of the 
Philippine Islands. 

Formerly Diiector of the Cuban Agri- 
cultural Experiment Station and of the 
Experiment Station of the Porto Rico 
Sugar Planters ’ Association. Now retired. 


The articles of incorporation provide that the term of the organization 
shall be perpetual. 

The particular objects and business of the Foundation are to promote 
research for the advancement of knowledge of the plants and crops of the 
tropics; to conduct investigations in plant pathology, entomology, plant 
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breeding, botaTiy and forestry, hortienltnn* and agronomy, and to publish 
the results thereof ; and to establish and maintain such temporary or per- 
manent stations and laboratories as may be necessary for the accomplish- 
ment of these objects, under the restrictions and regulations established 
in its by-laws. 

The affairs, funds and prof)erty of the Foundation shall be in the gen- 
eral charge of a Hoard of Trustees, the number of whose members for the 
first year shall be nine, who shall be chosen by the incorporators, and who 
shall elect their successors, as provided for in the By-laws. 

The By-laws of the Foundation provide that the members of the Board 
of Trustees will serve for five-year terms and will be eligible for re-election. 
Pour members of the Board shall be representative of business interests, 
and five members sfiall be scientific men. Of the latter, one member shall 
be selected by the Board from nominees of the Xational llesearch Council ; 
one from the membership of the American Phtopathological Society, after 
consultation with its Advisory Board; and one from the membership of 
the American Association of Economic Entomologists, after consultation 
with its ('Ommittee on Policy. The remaining six will be selected by the 
Board of Trustees as vacancies occur. 

The Board will elect annually from its own members, a President and 
Vice-Presi(I(mt ; an Executive (^ommittee of three to direct the affairs of 
the Foundation subject to the action of the Board, between meetings of 
the Boanl; a Treasurer; a Secretary; a Scientific Director and Ceiieral 
Manager who must be a trained scientific man of established re])utation and 
administrative ability, and who Avill liave full charge of the work of the 
Foundation subject to the control of the Board of Trustees in matters of 
major ])(>licy ; and an Executive Assistant, who will be charged vith the 
business details of the work, direct the clerical force and act for the Scien- 
tific Director and (Tcneral Manager during his absence. 

A regular annual meeting of the Board of Trustees shall be held in the 
District of (Vdumbia on the last ^Monday in Ajiril. 

The Xational Besearch (hmncil, the American Phytopathologieal So- 
ciety, and the American Association of Economic hlntomologists maintain 
advisory committ(‘es to advise the Foundation on the scientific phases of 
its projects and the choice oC its scientific staff. This relation will be 
purely advisory. 

The work of the Foundation is established upon a project basis and 
each must be a])proved by the Board of Trustees. The })roject statement 
will include the objects to be attained, the location of the work, the method 
of procedure which it is proposed to follow in the investigation, the leader- 
ship, relation to other agencies, cooperation if any, probable annual cost 
and source of support, and the estimated duration of the investigation. 
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Projects may be supported by individuals, firms, corporations, or other 
organizations. The administrative direction and control of the work shail 
be vested wholly in the Board of Trustees. Projects may be undertaken for 
states or governments under contracts approved by the Board of Trustees. 
The results of the research of the Foundation shall be published in the form 
of special reports or in scientific journals. The right to publish the scien- 
tific results shall not be waived or surrendered in any case. 

The handling of the funds is safeguarded by their transmission through 
the Treasurer of the National Academy of Sciences and National Research 
Council, under proper audit by a certified public accountant. 

Tinder the above terms the Board of Trustees have elected as Scientific 
Director and General Manager, Dr. William A. Orton, now Pathologist in 
charge of the Office of C\)tton, Truck, and Forage Crop Disease Investiga- 
tions of the Bureau of Plant Industry, United States Department of Agri- 
culture. 

The central office of tlic Foundation is in AYashinglon, I). C. Address 
in care of the National Research Council. The northern laboratory head- 
quarters will be at the Thompson Institute, Yonkers, N. Y. The troi)ical 
research will be done at tem[)orary field laboratories located where the 
problems demand. 



PHYTOPATHOLOGICAL NOTES 


Photographic method for measuring and recording morphological and 
physical characters of plants. This method was devised as a means of de- 
scribing? types of sugar beets, used for breeding purposes. With this method 
one records easily and (piiekly data for innumerable exact measurements 
and characters, which may be referred to in the future as occasion requires. 
One not only obtains information for immediate use, but also records un- 
consciously much data, which often proves valuable in future years. This 
method shows 1o just what degree any individual approaches one’s standard 
type. The complete record is in the form represented in figure 1, except 
that the corners marked olf by dotted lines may be printed white as space 
for recording notes. It is hoped that this method will reduce the necessity 
for endless descriptions of degrees and characters, which are not always 
accurate. 



Fij;. 1. Apparatus for i)hotogra]>lniig an object from four tlirections at one time. 

The method consists in the photographing of beets against separate 
backgrounds of cross section jiajier. One centimeter cross section pa])er 
was used as a scale on these jiarticular backgrounds although this could be 
varied to suit conditions. One background is placed horizontal and sup- 
])orts the beet directly below the camera lens, while the second background 
indicated by the number 2 in figure 1, is at a right angle to the first and is 
imaged in the large mirror at the opposite side of the apparatus. A mirror 
is then ])laced at each end of the horizontal background to give additional 
views. The mirrors are all held at different angles, depending u})on the 
position of the camera lens. In our work we have placed the camera lens 
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exactly 120 centimeters from the horizontal backf^ronnd. This arrangement 
gives data for many measurements and four distinct views of the beet, 
with one exposure. The approximate angles of the mirrors and the sup- 
ports for holding the beets in position are noted in figure 2. 



Fig. 2. Showing angle of inclination of minora. 

After this aj)i)aratus is set up, beets can be photographed very (iui(‘kly. 
This apparatus has been used at this station during the f)ast three years, 
and has given favorable results. With tlie suggestion of Dr. K. W. Braudes, 
Pathologist in Charge, Sugar Plant Investigations, the appai’atus has Ix^eu 
permanently mounted upon a base, as shown in figure 3. When not in use 
it folds up, and may be readily carried about. 



Fig. 3. Showing manner of fastening mirrors to base. 


Since devising this apparatus the author finds that Havelock Ellis, in 
his book. The Criminal, 1915, illustrates a method of mirror photography. 
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Jlefercnee to this book shows that the position of the mirrors would prevent 
the use of scales and consequently no measurements could be made or 
recorded. — Dean A. Pack. 

Celery yellows. — ]Mr. Lowell P. Butler, who is working on celery yellows 
at the Colorado Agricultural College, rei)orts the presence of two bacteria, 
one a short rod and the other a fusiform type, found in the brown internal 
lesions of the ])lants. He is now working to determine whether or not 
there may ])e a relation between the presence of these organisms and the 
occurrence of celery y(41ows. 

Fusarium Conferenee, Ilniversily of Wiseonsm, Madison^ Wis*. — A gen- 
eral eonfer‘eiic(‘ on the Pusarium problem held during 3une, July and [)art 
of August, at the Univei*sity of Wisconsin, Madison, Wiscoii.sin, has just 
come to a close. The conference developed out of studies carried on by the 
Cnited Fruit Company on the wilt disease of bananas in Central America 
and was held in (Hjoperation with the Bureau of Plant Industry, Cnited 
States Department of Agriculture. Those present at the conference were 
I)i\ II. W. Wolleuweber, Pathologist, Biologische Reichsanstalt fiir Land 
und Poi'stwirtschaft, (fcrmany, and Dr. O. A. Reinking, Pathologist, Cnited 
Fruit Com])any, both representing the Cnited Fruit CVmipany: and Dr. C. 
1). SlierbakofP, Pathologist, Agricultural Exjieriment Station, Cniversity of 
Tennessee, ]Miss Helen Johann, Assistant Pathologist, Cereal Investigations, 
and Mrs. Alice Bailey, »Tunior I^atliologist, Office of Cotton, Truck and 
Forage Ch*o]) Disease Investigations, re])resenting the Bureau of Plant 
Indii.stry, Cnited States Dejiartinent of Agriculture. The work of the con- 
ference covered, in so far as jio.ssible, the .study, comi>arison and identifica- 
tion of specimens and cultures of fungi at present available. Because of the 
major* ])art in the conference taken by the Ignited Fimit (krmjrany, the main 
pai't of the studies were made on the tropical collection. The studies made 
of the entire collection embodied sjrecies fi’om all .sections of the sub-genus 
Fusarium, including important border-line strains, thereby making it pos- 
sible to arrive at a uniform taxonomy of the group. It is believed that the 
principal jioints of difference have been agreed upon. A genei'al pa})ei’ 
presenting a clearer understanding of the Fusarium problem fi'om the 
standpoint of the identification of species will be pi-esented as a result of 
the studies. Pure cultures and dried specimens of each of the species 
studied and identified will be placed in the Office of Pathological Collections, 
Bureau of Plant Industry, United States Department of Agriculture. 

Abstracts of papei's for winter meeting. — November 1 is the time limit 
for the submission of abstracts of papers that are to be delivered at the 
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Washinj^ton Meeting?. This is one month earlier than usual and members 
are asked to make special note of the change and to start preparation of 
their papers early. All abstracts will be reviewed and edited by an editorial 
committee and only those that embody definite results will be published. 
— B. J. Haskell, Sccreiary-Treasurer. 

The AuffU'St mmher of Phytopathology waft iasued August 20, 1924, 
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VAKIETAIj SlISCIEPTIlilLITY OF WHEAT TO TTLLETIA 
LAEVISKEHN 

(lEOUfif; M. Reed' 

The possi})ility of the utilization of bunt resistant varieties of vhoat as 
a ])raetieal method of eontrol of this disease has attracted the attention of 
several investij^^ators. Anion^- tlie liiindrcds of varieties of wlu'at wliicli are 
known, some have been found whieJi i)Ossess a marked resistance to bunt, 
althou<?h by far the larger number aj)pear to ])e suseeptil)le. 

The bunt, disease is coextensive with the culture of wheat and, in all the 
im])ortant wheat ^rowinji: regions, is reeoj^nized as one of the most serious 
diseases of this crop. The disease may be caused by one of two clos(‘ly 
related s])ecies of smuts, TUIriia (ritici (Bjerk.) Winter and T. hicvis 
Kiihn. These two sfXMues arc very similar in their fj^emu'al life history and 
in their pathological (‘ffecls upon the host. They vary considerably in their 
distriluition but frequently may be found in the same locality. 

Farrer (6) was om* of the first i n vest i<ra tors to take up the study of the 
resistance of Avheat varieties to bunt. He compared tlie susceptibilily of 
ten Australian varieties and obtained infections varying- from 12.0 to 
05.0 ])er cent. Eijjht selections from ])lants of Allora spring wheat, wliich 
had escaf)ed infection in the previous year, also Averc j^roAvn. All of these 
selections ji^ave hi^h infections — 87.1 to 95 5 per cent. 

Pye (29) coni])ared twenty-one Australian varieties. One of these, 
ISIedeah, a Durum AAheat, j^aAC negative results. The others Avere infected 
to a greater or less extent; some of them quite severely. The varieties 
Genoa, Florence and (hnlar ^aAT the loAvest percentages of infection. 

McAl])ine (20) compared several A^arieties and hybidds Avith reference 
to their susceptibility to Tilletia Jarvis. Federation, Medeah and hybrids 
of Bobs, JMedeah and Tripola parentage, were quite susce[)tible. Ohio and 
Genoa proved to be resistant. 

^ Published by permission of the Director of the Agrieultiirul Experiment Station 
of the University of Missiouri. 

Special acknowledgments are due to Fred N. Briggs, .7 esse A. Cline, W. M. Gibbs, 
C. B. Hursh, Emma B. Mutuly and C. A. Philpott for valuable assistance rend(*r(‘<l in 
connection with these investigations. 
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In aiiollioi* report MeAlpino (21) discusses more fully some of the 
results obtained in Australia. The varieties Genoa and Florence were 
grown a1 three different stations — Burnley, Dookie and Longerenong — 
and showed a fair degree of resistance. The average infection at the stations 
was 14.6 i)er cent for Genoa and 9.2 per cent for Florence. At Burnley, 
both TiUviki fritiri and T. Jaevis w^ere used but no important differences 
were observed. There also are rej)orted the results with selections of a large 
number of crosses obtained by Pye at Dookie. Most of these showed high 
susceptibility but a few with ]\Iedeah parentage seemed to possess consider- 
able resistance. A coifiparison of four varieties, Dexter, Fc^dei-ation, Flor- 
ence and Genoa, Avith reference to their behavior to tlie two specnes of smut, 
was made. They responded in a very similar fashion to both. 

Darnell-Smith (4) found that Gedar, Floremie and IMedcah W(‘re re- 
sistant to both Tllletia laevis and T. iritici. Gomeback, Bobs and Federa- 
tion gave 100 per cent infection with both species. 

Von Tubeuf (39, 40) was one of the first investigators to report results 
from Europe. In 1900 he compared the behavior of eight A\arieties to 
Tillclui frilici, two of which, Ohio and Ontario, gaA^e ])racti(»ally negative 
results and the remaining ones gave infections of 25.4 to 57.6 i)er cent. In 
1901 the variety Ohio again gave practically negative results — Ontario not 
being grown. The other six varieties gave infections of 62.1 to 77.4 ])er 
cent, in this year, sixtecui additional varieties also were t(‘sl(‘d; one, I»este- 
horns Ueberfluss, proved highly resistant and the others gav(‘ infections ol* 
19.7 to 92.7 ])er cent. Von Tubeuf did not include the partially smutted 
l)lants in his data; otherAvise his percentages of infection usually Avould 
have been higher. 

Yon Kirchner (16, 17, 18) has luaihi the most extensive stu<li(‘s on the 
susceptibility of varieties of Avheat to TllJetia iritici, Altog(*ther he has 
studied 360 varieties or selections, of wdiich 241 Avere Avinter Avh(*ats and 
119 spring wdieats. Most of these varieties belonged to Triiicnm riihjarc, 
but the other species or races of Avheat, Triticum cowpacium, T, durum, T. 
dicoccum, T. monococcum, T. polonicum, T, spelia, and T. ixuujidnm A\(‘i-e 
re])rcsented by one or more Amrieties. IMany of the A^arieties Avere groAvn 
two or more years but in large part they Avere tested only one sc^ason. 
Further, von Kirchner generally recorded only the number of inl'cMded h(*ads 
and did not give his results on the basis of the pi^rcentage of plants or 
heads infected. It also may be noted that great differerict^s AV(*rc observed 
in the amount of smut in a given variety in different years. 

Von Kirchner found very marked variations in the suscei)tibility of 
the varieties. Only a KHv seemed to possess a high degree of resistance. 
It is es])ecially interesting to note that one or more varieties of Triticum 
com pactum^ T. turgidlim, T. spelia, T. dicoccum, and T, vulgare AV(‘re very 
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sus(*ei)ti])le. On tlie other Imnd, the varieties of T. durum, T. poUmicam, 
and 7’. monococcum proved to be lii<rhly rosist^mt to THIclia trifici, althoiij^h 
the inf(‘etion of one or more varieties of eaeli was obtained. 

Malkoff (19) compared the susceptibility to Tillrfia laevis of some J3nl- 
pfarian wheals with that of introduced varieties and found that tlie former 
were much more susceptible. The Durum varieties were ])articularly at- 
tacked, f»*ivinj? infections of 70.5 to 88.:j per cent. JMuch lower infections 
were obtained in 1902-1 902 than in 1902-1904. 

App(‘l and (tassnor (1) have mentioned that Ohio and Strubes Grannen- 
wei/en were hip^hly resistant to TUIeiia fniici. 

llecke (10) com[>ared five sprinp: wheats with five winter wheats for 
three seasons with reference to their behavior to Tillriia iritici. lie found 
variations in the amount of infection in the different years but as a rule 
all ten varieties ])roved to be quite susceptible. On the wlude, the hip^hest 
infections were obtained with the winter varied, i(‘s. In an experiment on 
the influence of the date of jilantinp:, he compared six varieties and observed 
pfreat diiferenc(is in the amount of smut. The variety Ohio, reported by 
von Tubeuf and Appel and Gassner as resistant, proved to be (puto sus- 
ceptible in llecke ’s experiments. 

]\Iunerati (24, 25, 26, 27) in Italy has used a number of varieties in 
his experim(*nts and usually has obtained liipfli ])ercentap:es of infection. 
The amount of smut, however, has varied j?reatly with the environmental 
conditions and the methods of inoculation. Peprlion (28) in Italy compared 
fourteen strains of twelve varieties and obtained infections of t33.6 to 74.1 
per cent. Stramjielli (38) also compared fifteen varieties in Italy and ob- 
tained infections of 55.0 to 100 per cent. Schribaux (36), in France, found 
that JManitoba was quite resistant while four other varieties })roved to be 
susceptible, lleuscr (11), in his various experiments with Tilkiia trilivi, 
grew nine different varieties of wheat, all of which were quite susceptible. 
Various environmental factors were studied and their influence on infec- 
tion was noted. 

In Washington, Gaines (7, 8) inoculated thirteen varieties of wdieat 
with Till cl id iritk'i and obtained ])ercentages of infection from 18.6 to 
96.4 per cent. The varieties Turkey and Alaska showed the greatest free- 
dom from infection. In another experiment he obtained 2.4 per cent infec- 
tion of Turkey, 5.8 per cent of Florence and 70.9 ])er cent of Hybrid 128. 
The second and third generations of the cross between Turkey and Hybrid 
128 gave infections varying from those comparable to the Turkey variety 
to others as high as those usually obtained with Hybrid 128. A cross be- 
tween Turkey and Florence, tw^o resistant varieties, also was studied. Some 
of the second and third generation families gave much higher infections 
than either parent. 
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Stephens and Woolman (37) have recorded their observations on the 
resistance of a lar^e number of wheat varieties in Orepron to TiUetia triiici. 
Most varieties proved to be hij?h]y susceptible, but three, Martin Amber, 
White Odessa and Ped Hussar, shoived marked resistance. A lar|?e number 
of selections of Oimean wheats also gave low percentages of infection. No 
striking cas(\s of resistance were observed among eighty-five Australian and 
120 Indian wheats which were grown. Selections from crosses between 
Turkey and Florence Avere notably resistant. 

(Joons (3) has reported some results with TiUetia hie vis on forty A^arieties 
of wh(‘at. Most of these Avore susceptible, infections ot‘ 20 to 66 per cent 
being obtained. A few varieties, hoAvever, shoAved resistance. These were 
mainly Turkey or selections from crosses of this type, although one strain 
of Fultz also is recorded as resistant. Johnston (14) has noted briefly some 
results in Kansas. He found that hard winter wheats of the Turkey type 
Avere resistant to both TiUetia laevis and T. tritici and that the soft Avinter 
A’arieties were more susceptible to T. tritici than to T. laevis. The aATrage 
of tAATiity A^arieties of soft Avinter Avheals gave 3.4 per cent infection Avith 
T. laevis and 25.1 per cent with T. triiici. 

METHODS AND RF:STTLTS 

In the autumn of 1913 the Avriter began his studies at Columbia, Mo., 
on the varietal resistance of winter wheats to TiUetia laevis. Brief rej)()rts 
(30, 31, 32, 33, 34) on the progress of these experiments have appeared. 
Th(^ ])resent pa[)er is a final statement of the results Avhich Avere obtained. 

The material of TiUetia laevis Avas obtained from a croj) of badly in- 
fected wheat grown in the Aucinity of (-olumbia. The A^arieties and selec- 
tions of winter wheats used were secured from the Department of Farm 
Cb-ops of the UniA^ersity of Missouri. 

On October 2, 1913, the seed of forty varieties of common Avheats of 
Missouri, inoculated Avith the spores of TiUetia laevis^ Avere soAvn. Prac- 
tically all of these varieties gaA^e negatiAM* results. A feAv, hoAvever, gave 
very low percentages of infection. Sixty selections from several A^arieties 
of common Avinter Avheats also Averc inoculated. Most of these Averc soAvn 
on October 25 and the remaining ones on November 4. The results arc 
given in table 1. 

The chief point of interest in these results with the selections lies in the 
very high percentages of infection which were secured. By far the larger 
number gave more than 50 per cent of infected ])lants and in scA^eral the 
])ercentage Avas above 90. These results are in striking contrast to those 
obtained Avith the varieties Avhich Avere soAvn on the earlier date. 

The second point of interest is that no striking cases of resistance were 
observed. There were differences in the susceptibility of the various selec- 
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TABLE 1 . — SmvapUbility of winter wheat selections to Tilletia laevis Kuhn, 10J3~1iU4 


Selection 

' Total 
No. of 

I PJants 

No. 

Inf. 

1 Per cent ■ 
Inf. 1 

Selection 

Total 
No. of 
PlantH 

No. 1 
Inf. 

P(‘r cent 
Inf. 

1 

I 68 i 

56 ! 

82.3 ' 

43 

J 

66 

1 ! 

51 

81.6 

3 

91 : 

71 

78.0 

1 47 

62 

' 51 

S‘’ 

4 (X) 

; 90 

57 

63.;{ 

48 

59 

! 50 ; 

84.7 

4 

1 83 

76 

91.5 

49* . 

87 

, (58 : 

78.1 

5 

' 40 

28 

70.0 : 

51* 

79 

40 1 

50.6 

7 

83 

24 

28.9 

52 

80 

16 

20.0 

9 - 

80 

57 

71.2 

5:i 

53 

i:; 

81.1 

10 

60 

45 

75.0 

56* 

85 

83 

97.6 

11 

78 

60 

76.9 

59 

42 

, ‘M ' 

80.9 

12 

' 70 

48 

68.5 ! 

()0 

49 

34 

69.3 

15 

67 

62 

92.5 

61* 

61 

48 

78.6 

18 I) 4 

i 02 

51 

8^ o 1 

63 

48 

35 

72.9 

19 

, 107 

9(5 

89.7 i 

64 

61 

5(5 

87.5 

20 

62 

56 

90.3 

6(5* 

(56 

56 

84.8 

21 

77 

52 

67.5 

67 

49 

l)r) 

67.3 

25 A- 1-5 

68 

62 

91.1 

73* 

41 

25 

60.9 

2(5 

72 

64 

88.8 

75* 

67 

58 ' 

86.5 

28 B-1 

71 

71 

95.9 

81 

67 

58 ' 

8(5.5 

28 B-2 

74 

31 

41.8 

83* 

(58 

58 ' 

85.2 

29 

80 

61 

80.0 

86 

59 

51 

8(5.4 

29 U-2 

58 

31 

53.4 

93 

51 

30 

58.8 

30 

65 

54 

83.0 

95* 

60 

36 

60.0 

•JO 

52 

35 

67.3 ■ 

97* 

68 

46 

(57.(5 

33 A -3* 

71 

56 

78.8 

98 

(57 

58 

86.5 

33 A-1 

95 

74 

77.8 

101 

(5(5 

o4 ; 

81.8 

34 

46 

39 

84.7 

195 

(50 

57 1 

95.0 

3.5 

79 

72 

91.1 

215 

45 

38 1 

84.4 

35 0-1-8 

56 

11 

78.5 

245 

77 

62 i 

80.5 

37 (X) . 

48 

;i3 ' 

68.7 

247 

69 

58 : 

84.0 

37 

65 

29 j 

41.6 

Black winter 


1 

1 


37 A-1 1 

1 79 

71 

89.8 

Eininer 

53 

6 ' 

1 1.3 

41 1 

1 70 

56 ! 

80.0 i 



1 



* Sot'cl aowii 0(‘l. Hj, 191. 'I, oxcept the starred imnihers which were sown Nov. L 


lions but none slioAved any marked dep^ree of resistance to TilJvtia laevis. 
IJJaek Winter Emmer, a variety of TvHicum dicoentm, jrave 11.3 per cent 
infection. Al] the other selections belonged to Triticum vuhjare. 

Another experiment was carried out in 1913 in which separate lots of 
seed of three varieties were inoculated with spores of Tilletia laevis taken 
from the same varieties. These results are given in table 2. 



442 


PHYTOPATIIOLOGY 


[VOL. 14 


TABLE 2. — hiflavnce of source of spores of Tillctia larvis Kuhn, lf>13~V)J4 


i Early Ripe 1 1 Rfid Cross 1; Treadwell 
Source of ' , - - ' — — - ' — 


Hpoics 

Total 
No. of 
Plants 

No. 

Inf. 

Per 

ecmt 

liif. 

Total 
No. of 
J’laiits 

No. 

Inf. 

Per ; 
eent 
Inf. 1 

Total 
No. of 
Plants 

No. 

Inf. 

Per 

cent 

Inf. 

Early Ri])o* 

ii)i 

144 

75.3 

177 

133 

75.1 1 

171 

Ill 

64.9 

Early Ripe** 

270 i 

176 

65.1 

227 

168 

I 74.0 

i 1 

229 

1 109 

47.5 

Red Cross* . ... 

193 

! 145 

75.1 

160 

128 

1 

i 80.0 1 

1 185 

87 

47.0 

Treadwell* 

180 

' 158 

^ 87.7 

196 

. 168 

85.7 

1 158 

107 

67.7 


* Seed sown October 14, 1913. 
** Seed sown November 4, 1914. 


No important differences in the infections by tlie different spore lots 
were observed, althouf^h tlie spores from the variety Treadwell pjave some- 
what higher results on all three varieties. The variety Treadwell was con- 
sistently less infected than the other two varieties, the percentage of infec- 
tion varying from 47 to 67.7 per cent. Early Ripe gave infections of 65.1 
to 87.7 per cent and Red Cross, infections of 74 to 85.7 ])er cent. There 
were two sowings of Early Ripe inoculated vith spores from the same 
variety. The sowing on November 4 gave slightly lower percentages of 
infection than that of October 14. 

In 1914 seven varieties w^ere inoculated and planted on October 28. 
The results are given in table 3. 


TABLE 3. — Susceptibility of winter wheat varieties to Tillctia larvis Kuhn, 191f-10I5 


Variety 

! Total No. 

Number i 

Per cent 

1 of Plants 

Infected 

Infected 

Early Ripe 

I 96 

9 1 

9.3 

Fultz 

121 

12 ! 

9.9 

Harvest Queen 

331 

168 i 

50.7 

Mealy 

71 I 

3 : 

4.2 

Mediterranean 

84 

5 ! 

5.9 

Poole 

58 : 

8 1 

13.7 

Rural New Yorker 

1 45 

O i 

1 

1 

4.4 

8eed sown October 28, 1914. 


In general, very low ])ercentages of infection were obtained. The 
variety Harvest Queen, however, gave 50.7 per cent infection. 

In 1915, fifteen varieties were inoculated. One lot of seed of five of these 
varieties was sown on October 2 and a second lot of seed on October 30. 
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Seed of seven additional varieties was sown on October 21 and a second lot 
on October 30. The remaining three varieties were sown on October 30. 
The results are pfiven in table 4. 


TABLE 4 . — Susceptibility of wmtcr wheat varieties to Tilleiia laevis Kuhn, 19U-1016 


Vurioty 


Dofianco 
Early Ripe 
Piilcast(‘r 
Fultz 

Harvest King .. 
Harvest Queen 
Lebanon 
Mi'hIv 

M('(lit(‘rraiiean 
Miehip^an Wonder 
Poole 

Rural New Yoiker 
Treadwell 
Tiirk(‘y 
V’^elvot ChafT 


Se(‘d sown 
Oct. 2, 1915 


Total 
No. of 
Plants 

No. 

Inf. 

Por 

C(Mlt 

lllf. 

96 

8 

8..3 ^ 

87 

27 

31.0 

77 

37 

48.0 


1 


: 71 12 , 1C.9 

i 74 12 16.2 

I 


Seed sown 
Oct. 21, 1915 


Total 
No. of 
Plants 

i No. 
j Inf. 

Per 

CC7lt 

1 Tnf. 

164 

85 

51.S 

146 

34 

23.9 

181 

83 

45.H ' 

157 

72 ' 

45.8 

161 

, 30 i 

22.3 

131 

71 

53.4 ; 

174 

47 

ji 

27.0 


S(‘ed sown 
Oct. ‘M), 1915 


Total 
No. of 
Plants 

No. 

Inf. 

IVr 

cent 

Inf. 

159 

61 

.►8. .3 

210 

105 

50.0 

172 

108 

62.8 

198 

86 

43.4 

170 

50 

28.5 

306 

182 

59.4 

256 

130 

50.7 

143 

71 

19.6 

175 

71 

40.5 

ooo 

67 

31.8 

195 

101 

51.7 

173 

73 

42.2 

232 

92 

39.9 

262 

92 

35.1 

137 

60 

43.8 


The five varieties sown on October 2 and a^ain on October 30 gave much 
higher i)orcentaj>es of infection in the later planting? as compared with the 
early. The rang:e of infections of the first planting was 8.3 to 48 per cent 
and in the second 35.1 to 62.8 per cent. There was no marked difi'erence 
in the infection of the sowinjrs made October 21 as compared with October 
30. All fifteen varieties, however, ^ave (iuite hijrh percentages of infection. 

In 1916, seventeen varieties were grown. Sei)arate lots ol* seed were sown 
on September 23, October 10 and November 3. Those results are given 
in table 5. 

In every ease the infections were unusually low\ While none of the 
varieties gave entirely negative results, the highest percentage of infection 
obtained with any variety on any date 'was 6.7 ]ier cent. No important 
differences are observable in the seedings of the different dates. 

In 1917 about thirty varieties w^rc grown and all the varieties proved 
to be susceptible, the percentages of infection varying from 5 to 80 per cent. 
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TABLE 5. — Susceptibility of winter wheat varieties to Tillctia laevis Kiihn, 1916-1917 


Hate of Planting 


Variety 

8cpt 

23, 1916 

o<t. 

10, 1916 

Nov. 3, 1916 

Total 
No. of 
Plants 

No. 

liif. 

Per 

rent 

Inf. 

Total 
No. of 
Plant.s 

No. 

Inf. 

Per 

cent 

Inf. 

! Total 

1 No. of 

1 Plants 

No, 

Inf. 

Per 

cent 

Inf. 

Booc'liwooil Hybrid 

21)2 

16 

6.1 

114 

4 

3.5 

! 89 

3 

3.3 

Defiance 

349 

6 

1.7 

481 

8 

1.6 

j 337 

3 

.8 

Diet/ 

329 

6 

1.8 

i 204 

5 

2.4 

j 178 

3 

1.6 

Early Ripe 

270 

11 

4.0 

142 

6 

4.2 

86 

2 

2.3 

Puleaster 

2<;4 

3 

l.l 

159 


1.8 

204 

5 

2.4 

Fultz 

242 

7 

2.8 

123 

6 

4.8 

195 

5 

2.5 

Harvest King 

339 

11 

3.2 

j 130 

() 

4.6 

94 

4 

4.2 

Harvest Queen 

172 

4 

2.3 

339 

5 

1.4 

; 218 

3 

1.3 

Li'banon 

281 

10 

3.5 

114 

1 

.8 1 

i 150 

4 

2.6 

Mealy .... 

2.57 

2 

.7 

110 

1 1 

.9 

56 

1 1 

1.7 

Mediterranean 

140 

4 

2.8 

92 

4 ! 

4.3 : 

1 lU) 

3 

2.7 

Michigan Wonder 

263 

17 

6.4 

173 

11 

6.3 ] 

i 141 

7 

4.9 

Poole . ... 

170 

8 

4.7 

86 1 

4 1 

4.6 1 

i 83 

3 

3.6 

Rural New Yorker 

49 

1 

2.0 

115 

1 ' 


i 75 

1 

1.3 

Treadwell 

298 

10 

3.3 

117 

3 i 

2.5 

185 

4 

2.1 

Turkey 

190 

12 

6.3 

344 ' 

16 1 

4.6 ! 

1 458 

31 

i 6.7 

Velvet Chaff 

268 

3 

1 1 

1.1 

1 

193 

1 i 

.5 1 

, 142 

1 

.7 ‘ 

1 


DISCnSSION 

The more commonly grown varieties of winter wheats of Missouri were 
used in the course of these experiments and all proved to be quite markedly 
susceptible to Tilletia laevis Kiihn. In at least one or more seasons a large 
percentage of infected plants was secured and in some years the number 
infected was very large. This was particularly true of the sowings with 
certain varieties in 1913 and in 1915. There 'svas, however, very great 
variation in the percentages of infection obtained in the different years. 
In 1913 and 1915 a high percentage of infection was secured ; on the other 
hand, the results were low in 1914 and 1916. 

In 1913 and in 1915 great variation occurred in the amount of smut 
depending upon the date of seeding. In 1913, varieties sow^n on October 2, 
gave practically negative results, while the selections sowm on October 25 
and November 4, gave exceptionally high infections — in many cases over 90 
per cent. In the exp^ri^^ient in which the spores from different varieties 
were used, it was found that the sowdng of the variety Earlj^ Ripe, of Octo- 
ber 14, gave a larger percentage of infected plants than the sowing of 
November 4. In 1915 the percentages of infection of five varieties sown on 
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October 2, were 16 to 20 per cent lower than on the same varieties sown 
on October 30. On the other hand, there were no obvious differences in the 
amount of smut on the varieties sown on October 21, and a^aiii on October 
30. The three sowings of 191C were about three weeks apart but no obvious 
differences appear in the results for the different dates. 

A large number of observations have been made on the relation between 
the date of planting and the prevalence of bunt of wheat. Kellerman and 
Swingle (15) and Munerati (24, 25) found that late sowing of winter 
wheats in the autumn resulted in a more severe infection of bunt than early 
spring sowing. Hecke (10), IVIunerati (24, 25), Schribaux (36), Miiller 
and Molz (22) and IJeuser (11) obtained higher infections in the early sown 
spring wheats than in the later, while Muller, Molz and Morgenthaler (23) 
found no definite correspondence between the date of sowing and the amount 
of bunt. Volkart (41) found more bunt (63.7 per cent) in winter wheat 
sown early in the autumn than when sown later (39.3 per cent) and Muller 
and Molz (22) also obtained similar results. Appl (2) and Ileuser (11) 
found that when a series of sowings of wheat inoculated with the sj)ores 
of TiUetia frit id was made in the autumn, the most severe infections 
occurred neither in the very early nor the very late seeding. The same 
observations were made by Ileald (9) and Schafer, (iaines and llarhee (35) 
with TiUetia tritid in eastern Washington. The situation there, however, 
is complicated by the fact that soil infestation is known to occur. Malkoff 
(19) found no important differences in the amount of TiUetia laevis in 
wheat sown on four different dates from October 10 to November 10. 

Several investigators have endeavored to determine the relation of 
moisture, temperature and other soil factors to the infection of wheat by 
bunt. Von Tubeuf (39) obtained 55.3 per cent infection by TiUetia tritid 
in wheat planted in sandy soil and watered as compared with 29.3 per cent 
infection of plants in similar soil but not watered. Volkart (41) accounts 
for the greater infection of wheat by TiUetia tritid in his early planting as 
compared with the later on the basis of a soil moisture more favorable for 
thewrapid germination of the wheat. Appl (2) concluded that the small 
differences in the temperature ranges were not sufficient to explain his 
results with T. tritid. From his examination of the records on the amount 
of precipitation during the period of germination he concluded that soil 
moisture is of greater importance than temperature for successful infection, 
llungerford (12) also concluded that moisture is particularly important in 
the infection of wheat by T. tritid in Idaho where soil infestation occurs. 

As regards TiUetia laevis, Ivanoff (13) suggests the importance of soil 
moisture. Malkoff (19) also found different amounts of smut in several 
varieties of wheat in two successive years. His analysis of the meteorolog- 
ical conditions led him to conclude that the amount of moisture in the soil 
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diirinp: the f?ermiiiatioii period of the seed had a very marked effect upon 
the extent of tlio subsequent infection. 

ITeeke (10) attempted to correlate the amount of Tilletki trltici in spring 
ulieat with the temperature conditions. The highest percentages of infection 
were obtained in tlie early sowings although some rather marked excep- 
tions occurred. In general llecke found that with low temperatures there 
was a higher percentage of infection. Munerati (26) obtained 1.4-12 per 
cent infection in four varieties of wheat germinated at 18-20° C. These 
same varieties germinated at 7-8° C. gave 92-100 per cent infection. More 
recently Munerati (27) has re])orted some additional results on the tempera- 
ture relations of the infection of wheat. He used two varieties, Gentile 
Rosso and Cologna, and obtained the folhnving results : Seed germinated at 
22-25° C. gave 0-1.4 per cent infection ; germinated at 10-12° C. gave 13.2- 
39.3 7 )er cent; germinated at 2-4° C. for forty days gave 0-1.9 per cent; 
germinated at 2-4° (k for twenty days, then at 22-25° C. gave no infection ; 
germinated at 2-4° C. for twenty days, then at 10-12° C. for seven days 
and finally at 22-25° 0. gave 19.7-24.4 per cent. Heuser (11) secured 1.8-6 
per cent infection in three varieties germinated at 16-22° C. and 66.2-94.7 
per cent in the same varieties germinated at 6-10° C. 

As already emphasized, my own results varied 'widely in the different 
years and in the seedings made on different dates. It does not seem possible 
to definitely correlate these results wuth any specific temperature or moisture 
conditions. The air temperature before and after the seeding dates, to- 
gether with the amount of precipitation for the difierent years, is recorded 
in table 6. The data given for the period after seeding varies in the number 
of days, since the time required for the seedlings to emerge from the soil 
depends somewhat upon the temperature. 

Following the first sowing of 1913 the temperature was above 20° C. and 
very little rain fell. Practically all of the varieties sown gave negative 
results. The temperature following the remaining three seedings of 1913 
varied from 6-10° C. and in every case a considerable amount of rain fell 
during the germination period. Quite high percentages of infection were 
obtained. These results suggest that the low temperature, combined with 
the moisture, was particularly favorable for infection. In 1914 the tem- 
perature was about 13-14° C. during the germination period and no pre- 
cipitation occurred. The results were comparatively low although 50 per 
cent of bunt w^as secured in the variety Harvest Queen. In 1915 the 
average temperature during the first period of germination was 13-14° C. 
and during the second period was about 15-16° C. and during the third 
period was about 17° C. Notably higher percentages of infection were 
obtained from the second and third sowing. No rain fell during the second 
and third periods of germination. In 1916 the average temperature during 
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TABI^E 6 — Temperature and precipitation during the prriod of act ding of winter wheat 

at Columhia, Mo., ]!)13-lff16 


Date 


10 days 
Befovo sowiiijj 



Aft(*r sowiiift 





1 Avoraftv 
Tom]). 

Total 

I’recip. 

No. of 
' Days 

' Average 
Temp. 

Total 

Procip. 

Oct. 

2, 

1918 

15° C. 

; i 

i 0 

20.5° C. 

.05 

Oct, 

14, 

1913 

20° C. 

.34 i 

; d5 

9.0° C. 

2.01 

Oct. 

25, 

1918 

' 8° 0. 

1.50 

' 20 

0.7° C. 

.81 

Nov. 

4, 

1918 

' 5° 0. 

.5(1 

15 

8.5° 0. 

2.20 

Oct. 

28, 

1914 

14° C. 

.01 

i 

13.5° C. 

0.0 

Oct. 

o 

1915 

1 18° C. 

.02 ; 

' 12 

13.0° C. 

.89 

Oct. 


1915 

10° c. 

1.11 

10 

15.5° C. 

0.0 

Oct. 

.'?(), 

1915 

15° C. 

0.0 

9 

17.0° 0. 

0.0 

So})t. 

2 : 1 , 

1911) 

' 1.1° (^. 

.33 

10 

10.0° C. 

1.99 

Oct. 

10, 

!91(j 

20° 0. 

T 

13 

11 . 0 ° c. 

1.21 

Nov. 


1910 

i;i° c. 

.3 1 

19 

13.5° C. 

J.28 


all throe periods of j^eriuiimtion was H-Kr C\ and relatively hi^h precipi- 
tation occurred. Jn every ease, low percent ap:es of infection were secured 
altlioujrh the tenifieratures were certainly favorable, since in jirevious years 
under similar temperature conditions a larjj^e amount of smut was secured. 
It is jmssible that the temperature was too hi^h for favorable infections in 
the lirst sowing of 1912 but it seems evident tliat the temiieratiires were 
favorable in the other ye^ars. 

So far as precipitation is concerned the amount was very much greater 
in 1912 and 1916 as eomj)ared with either 1914 or 1913. In 1912, a year 
of relatively high precijiitation and fairly low temiieraturo, a large per- 
centagt* of infection occurred. On the other hand, in 1915 at a considerably 
higher temperature and no precipitation, high infections also were secured. 

It seems evident that soil moisture, soil temperature and other jiossible 
soi^^ conditions are interdependent factors which determine tlie occurrence 
of bunt in wheat. Their interaction determines whether infection will take 
place and also the severity of the attack. Any one of these factors may be 
a limiting one in the prevention of infection. 

Data have been reported on the relative susceptibility of different 
varieties of wheat to TiUctia lacvi^ and T. iritici Von Kirchner (18) used 
T. tritici in his ex])eriments and found that varieties of TriiicMm durum 
'WQYQ com]iarativcly resistant. Malkoff (19) used T. laevifi and found that 
durum varieties of wheat were very much more susceptible than varieties of 
Triticum vuJgare. McAlpine (21) and Darnell-Smith (4) in Australia 
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found no obvious diiferences in the susceptibility of some Australian wheats 
to the two species of Til let in. Stephens and Woolman (37) compared the 
behavior of eif?ht varieties to the two species and round no noteworthy 
differences. Johnston (14) obtained very low infections of the soil winter 
wheats by T. laevis, while hipfher infections were obtained with T, tritici. 
His results with T, laevis are surprising in view of the comparatively high 
infections obtained by Coons (3) as well as the results reported by 
the writer. 

Various investigators have obtained different results with certain 
varieties. The Australian investigators in general have reported that 
Medeah was resistant. McAlpine (20), however, obtained as high as 46.6 
per cent infection of this variety by Tilletia laevis. Von Tubeuf (39, 40), 
Appel and Gassner (1) and von Kirchner (18) have emphasized the re- 
sistance of the variety Ohio, llecke (10), however, obtained 61.9 per cent 
infection of this variety. Tt is quite probable in the light of the results 
recently reported by Paris (5) with the covered smut of barley that 
specialized races of species of Tilletia also may occur and the discrepancies 
recorded ])y the diffei*ent observers may in part be explained upon this 
basis. Further investigations along this line are particularly important. 

It is obvious that experiments to determine the resistance of plants to 
particular diseases must be repeated over a series of years. If positive 
results are obtained, evidence is at once secured as to Hie susceptibility of 
the variety but negative results or low percentages of infection are not 
definite criteria as to the resistance of the variety in question. One might 
conclude from the 1916 results that all the soft winter wheats tested possess 
a high degree of resistance. As a matter of fact, the reciords for the years 
1913 and 1915 show clearly that they are liighly susceptible. If one could 
a.ssure appropriate conditions for high infection in any given season, then 
one test might serve to determine the resistance of a variety. Since this 
can not be done under field conditions, conclusions based on the results of 
one season can not be accepted as final and the determination of the be- 
havior of the variety over a series of years is essential. 
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BACTERIAL SOFT-ROT OF TOMATO 


S. A. WlNGARD^ 

With Three Figures in the Text 

A bacterial soft-rot of tomato fruits is of fijeTicral occurrence in Virginia 
and is a factor of considerable economic importance. It is the most common 
fruit rot in the state and probably causes greater losses on the average than 
any of the other fruit rots of tomato. The writer’s attention was first at- 
tracted to the disease during the summer of 1918 "when it appeared in 
destructive form in a series of tomato plats on the exiieriment station farm 
at Blacksburg. These plats were sprayed for the control of Septoria leaf- 
blight and they afforded splendid opportunity for the study of soft-rot. 



I'’iG. 1. Tomato fruit G days after inoculation with B. aroidvae. Note the check punc- 
^ tui*e.s on either side of the decayed roj^ioii. 

The field studies were supplemented by investigations in the laboratory 
and greenhouse during the fall and winter months and also during the fol- 
lowing year. The results of these studies are briefly described in this paper. 

So far as the writer is aw^are there has b en no extended study of the 
fruit rot in question and practically no information is available in jiub- 
lished form. Earle (1) described a baci. Hal soft-rot of tomato in Alabama 
in 1900 which he reported as being vci.. ‘structivc. He isolated the bac- 

1 Paper No. 62 from the Department of Plant Pathology, Virginia Agricultural Ex- 
periment Station. 
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terium and proved its i)athogenicity by inoculating tomato fruits with pure 
culture ; however, the identity of this organism was not determined. Hum- 
bert (3) in 1918 reported a tomato fruit rot as occurring in Ohio. This 
author referred to the disease as “leak^' and stated that bacteria were 
found associated with it. Sherbakolf (6) referred to tomato soft-rot in a 



Fig. 2. Tomato fruits 8 days after inoculation with B. aroideae. Note the exudate on 

the bottom of each. 

paper on Florida tomato diseases in 1918, and stated that it was of con- 
siderable economic importance in some cases. 

DESCRIPTION OP THE DISEASE 

Tomato soft-rot is stri^jtly a fruit rot to which the green fruit is especially 
susceptible. Eipe fruit is not so seriously affected unless infection is in- 
itiated while it is still green. 
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The first indication of infection is the appearance of a water-soaked area 
on the surface of the fruit (Ph'gure 1). The affected area is depressed with 
a sharp marp^in of sound tissue. The tissue within the affected rej?ion be- 
comes opaque in a short lime, but there is always a narrow band of water- 
soaked tissue near the marj^in. The affected region becomes very much 
wrinkled and often cracks. The entire fruit is converted into a soft, watery, 
colorless, decayed mass within a period of three to ten days (Figure 2). 



Fig. 3. Tomato fruits 12 days after inoculation with B, aroideae. The fruit on the left 
has burst and * ‘ leaked ’ * its contents. 

The completely rotted fruits often burst and '‘spilF’ their contents as 
shown in Figure 3. This decay is accompanied by offensive odors. 

causal organism 

The soft-rot organism was readily isolated from the affected tomato 
fruits on beef-peptone agar. Glistening, grayish-white colonies, which 
later proved to be those of the soft-rot organism, appeared on this media 
after a period of 24 hours. A detailed study of the "organism was under- 
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taken by A. B. Massey^ who has shown that it is referable to Bacillus 
aroideae Townsend•^ Townsend (7) in 1904 demonstrated that this organ- 
ism was capable of rotting tomato fruits and certain other vegetables be- 
sides causing a rot of the calla lily. 

Although the organism in question was found to be Bacillus aroideae y it 
is known that some other organisms are capable of producing similar rots 
of tomato fruits. Jones (4) in 1900 found that Bacillus carotovorus is 
capable of producing a soft-rot when inoculated into tomato fruits. Pritch- 
ard and Porte (5) have shown that a form of Oospora lactis produces a 
watery-rot of tomato fruits which occurs most commonly in shipments of 
southern grown tomatoes. 


PATHOGENICITY 

Preliminary inoculations were made on twelve green tomato fruits grow- 
ing on plants in the greenhouse. These fruits were swabbed with a 1-1000 
solution of mercuric chloride and then punctured with the point of a sterile 
needle which had been previously dipped into a pure culture of the soft-rot 
organism. Similar green fruits were disinfected and punctured with a 
sterile needle as controls. Within 24 hours^ each of the needle punctures 
on the inoculated fruits was surrounded by a water-soaked area about 1 cm. 
in diameter. The decayed spots thus produced were similar in every respect 
to those which occurred on the fruits in the field. A week later all of the 
inoculated fruits had been completely transformed into soft-watery masses. 
The controls remained sound and ripened without any apparent injury. 
The soft-rot organism was readily reisolated from the inoculated fruits. 

In another test, green tomato fruits, which were from 1 to 1.5 inches 
in diameter, were inoculated by needle puncture and all of them were com- 
pletely decayed in 11 days. 

Another lot of green fruits which ranged in diameter from 1 to 2.5 
inches Avere inoculated in a similar manner. Two of these showed complete 
decay in 9 days, and four in 12 days. Three others were half rotted in 
12 days. 


METHOD OP INFECTION 

In order to determine whether the soft-rot organism can infect through 
the unwounded epidermis, green tomato fruits on plants growing in the 
greenhouse bed were smeared with the organism from pure culture. Other 

2 See A study of Bacillus aroideae Townsend, the cause of a soft-rot of tomato, by 
A. B. Massey in this issue cS Phytopathology. 

3 According to the newer classification recommended by the Society of American 
Bacteriologists the name, of this organism becomes Erwinia aroidea (Townsend) Coram. 
S. A. B. 
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fruits were punctured with a sterile needle and then smeared with a pure 
culture of the soft-rot organism, and others were punctured and held as 
controls. The fruits were about one-half mature size. These inoculations 
were made in the late afternoon in order to allow the organism to remain 
over night before being exposed to the sun. l^he results of this experiment 
are given in table 1 . 

No infection resulted on any of the unwounded fruits in this experiment, 
while all of those which were wounded before inoculation showed complete 
decay within 12 days. 

A similar test was made with green fruits removed from the xdants and 
placed in moist chambers at a temperature of 30° C. The fruits which were 
punctured and inoculated were completely decayed within 7 days, whereas 
the controls and those which were inoculated without wounding remained 
sound. The contents of the decayed fruits ‘'leaked'’ and covered the bottom 
of the moist chamber to a depth of 5 mm. yet the unwounded fruits, which 
lay in this bacterial suspension for several days, did not become infected. 

I 

TABLE L — licjiiiUs of inoculation with Bacillus aroidcae niadc on f/rern tomato fruits, 

on March S, 1019 


Method of 
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Diameter of decayed spot 

in cm. 

inoculation 

fruit 

March 5 

March 12 


1 



7 

complete decay 

OrgaiiiMm 

2 

3 



9 

7 

‘ 

( ( < 

( ( t 

snH‘arod on 
])urictxircd 

4 



5 

n 


1 1 1 

t ( i 

surface 

G 



7 


i 1 1 


7 



7 

‘ 

{ ( ( 


1 


no 

infection 

no 

infection 


2 


( ( 

< i 

1 1 

1 i 

Orjraiiism 

3 


( ( 

a 

i i 

i i 

smeared on 

4 


f ( 

i t 

1 1 

i 1 

unvvoiiiided 

5 


t i 

1 1 

a 

i ( 

surface 

6 


t ( 


i i 

i i 


7 


i t 

1 


( t 


8 


( ( 

< < 

\ 

t ( 


1 


no 

infection 

no 

infection 

Controls, 

2 


1 1 

i t 

< < 

< ( 

punctured 

3 


t ( 

a 

( t 

1 1 

with sterile 

4 


( i 

1 1 

i f 

1 i 

needle 

5 


it 

(t 

( t 

i t 


Another set of inoculations was made in the greenhouse on 24 fruits 
of the Norton and Marvel varieties by applying pieces of decayed fruits to 
their unpunctured surfaces. Within 48 hours, five of these fruits had de- 
cayed spots at the stem-end, and one was beginning to decay along a groove 
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on the side. Within 10 days, fourteen of these fruits were completely de- 
cayed, one was partially decayed, and the others remained unaffected. In- 
fection had taken place throujjrh the stem ends of twelve fruits, through 
the blossom ends of two, and through a growth crack in the side of one. 
It is common to find cracks at the stem and blossom ends of tomato fruits 
in the greenhouse and it is probable that infection resulted through such 
cracks. There was no evidence to indicate that the organism had gained 
entrance through the uninjured skin. 

Observations in the field have shown that soft-rot infection takes place 
through growth cracks, sun scalds and insect injuries. 

SUSCEPTIBILITY OF VARIETIES 

In order to compare the susceptibility of different varieties to soft-rot, 
ten fruits of each of the following were inoculated in the greenhouse by 
needle puncture : Norton, Marvel, Royal Red, Burbank, Red Cherry, and 
Yellow Pear. The green fruits, which ranged from one-half to two-thirds 
mature size, were left on the vines. Within 7 days, all of the inoculated 
fruits were completely or almost completely decayed. All of the varieties 
were equally susceptible. 

SUSCEPTIBILITY OF GREEN AND RIPE FRUITS 

Twelve ripe and eight green tomato fruits were pumdnred and inocu- 
lated with the soft-rot organism. Other ripe and green fruits were punc- 
tured with a sterile needle and used as controls. All of the inoculated green 
fruits had rotted completely within 8 days and some of them had dropjied 
from the vines. None of the ripe fruits showed complete decay and only 
three of them showed slight rotting at the point of inoculation. One of 
these fruits was completely rotted on the tenth day, while the others, though 
over-ripe, showed only slight decay at the point of inoculation. The con- 
trols remained sound. 

A repetition of this test was made with seven ripe and two green fruits 
inoculated as described above. Two ripe fruits were punctured with a 
sterile needle for controls. Within 3 days, the green fruits were completely 
rotted, two of the ripe fruits were partially rotted, three completly rotted, 
and two remained unaffected. 

STEM INOCULATIONS 

Stem inoculations were made on the tender tips of six young Norton 
tomato plants growing in the greenhouse. The inoculum was applied to 
slits which were made in the tips of the plants with a sterile scalpel. No 
infection resulted. 
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Additional stem inoculations were made on two Burbank, two Red 
Cherry, eight Marvel, six Royal Red, two Norton, and eight Yellow Pear 
tomato plants. The plants were ten to twelve inches high and the inoculum 
was introduced into a slit near the tip of each. The plants were watered 
and left exposed in the grcenliouse bed. When examined 3 days later, none 
of these plants showed infection except the two Royal Red which seemed to 
be slightly affected. These plants, however, showed no infection when 
examined a, few days later. 

Two additional plants of the Royal Red variety were inoculated as de- 
scribed above and i)laced under bell jars. They appeared to be infected 
2 days later, but after 5 days all signs of infection had disappeared. 

This evidence indicates that the soft-rot organism is not capable of 
infecting the stems of the tomato plant. 

TEM PERATTUUO RELATIONS 

It had been evident throughout the work that the development of decay 
by the soft-rot organism was modified by temperature, a longer ])eriod being 
requir(‘d for conqdete decay when the greenhouse was cool than when it 
was warm. 

Green tomato fruits of approximately equal size were inoculated by 
needle puncture and placed in moist chambers each of whicli was placed in 
an incubator in which temperatures were maintained as indicated in 
table 2. Two controls were carried with each lot. The number of days 
required for complete rotting of all the inoculated fruits varied with the 
temperature as shown in the table, the most rapid development being at the 
ranges of 28-34'’ and 31-34'’, and the slowest development at 14-15°. There 
was no development of rot at 37-42° but the fruits became blackened after 
5 days and had a cooked appearance in 7 days. None of the controls showed 
anj^ rot. 

TABLE !2 . — Number of days rf quircd for coniplclf) rottwg of grten tomato fruits inocU’ 
latcd with Bacillus ai'oidcac, at the syccificd temperature raiigts 

Tomperaturo range Number of days 

14 - 15 ^ 0 
38-22® C 
28-34® C 
31-34® C 
37-42® C 


37 

33 

7 

7 

no rot 


OTHER HOSTS 

Sweet peppers, cantaloupes, eggplant fruits, and Irish potatoes all 
proved to be susceptible to decay by the soft-rot organism. When inoculated 
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by needle puncture and kept in moist chambers at room temperature, sweet 
peppers were completely decayed in 5 days, eggplant in 4 to 5 days, can- 
taloupes in 8 days, and Irish potatoes in 7 to 21 days. Townsend (7) has 
shown that his culture of the organism in question is capable of rotting the 
corm, petiole, and flower stalk of the calla lily, and the green fruits of 
tomato, eggplant, cantaloupes, sweet peppers and cucumber, lie also re- 
ported it as causing rot when inoculated into such vegetables as carrot, 
potato, turnip, salsify, parsnip, onion, radish, cabbage, and cauliflower. 

CONTROL 

Data on the control of soft-rot by spraying were obtained in 1918 in 
an experiment conducted at Blacksburg which has been reported by 
Fromme (2). Bordeaux mixture of the 5-5-50 formula and soap-Bor- 
deaux (4 pounds bluestone, 3 i)ounds rosin fish-oil soap, 2 pounds quick lime, 
50 gallons water) were applied on two plats and a third plat of the same 
size served as a check. Five applications of the spray materials were made, 
the limiting dates being July 6 and August 20. Fruit yields were recorded 
by weight, the unsound and sound fruits being recorded separately. Prac- 
tically all unsoundness was due to soft-rot which developed with great 
severity during an unusually w^et period in late August and early Septem- 
ber. The total yield for the season from these plats w^as as follows : 


Pounds of fruit 


Soimd 

Unsound 

Soap Bordeaux 


833 

105 

Standard Bordeaux 


546 

207 

Clieck . .. 

. 

542 

325 


The soap-Bordeaux reduced the injury from soft-rot to a marked degree, 
the percentage control in comparison with the check being 68, while that of 
standard Bordeaux was 36 per cent. There was no clear explanation for 
the greater efficiency of the soap-Bordeaux. According to Fromme: ‘‘It 
may have been due to greater bactericidal properties of the spray material, 
to better covering and adhesion to the fruits, or possibly to foliage protec- 
tion which decreased sun scald and which would promote more uniform 
growth of fruit, with fewer growth cracks.^’ 

The efficiency of soai)-Bordeaux would have been even more pronounced 
had not the early frost prevented the ripening of the large quantity of green 
fruit which was left on the plants at the end of the harvest. The soap- 
Bordeaux plat had 437 pounds of mature green fruit harvested from it 
after frost and the standard Bordeaux had 424 pounds, while the check 
yielded only 47 pounds. 
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SUMMARY 

Bacterial soft-rot of tomato, caused by Bacilhis aroidcae Townsend, is 
capable of causing severe losses in Virginia. 

The soft-rot organism is a wound parasite which gains entrance into 
the tomato fruii chiefly through the growth cracks, sun scalds and insect 
injuries. 

Green tomato fruits are more susceptible to injury from soft-rot than 
ripe fruits. 

All varieties of tomatoes tested were found to be ecpially susceptible to 
soft-rot. 

The soft-rot organism does not appear to be capable of infecting the 
stems of the tomato plant. 

The optimum temperature for the development of soft-rot appears to 
be about 30° C. 

Losses from soft-rot are appreciably reduced by spraying with soap- 
Bordeaux. 

Virginia Agricultural Experiment Station 

LITERATURE CITED 

1. Eahlk, F. 8. Tomatoes. Alabama Agric. Exp. Sta. Pull. 108. 3€ p. 1000. 

2. Fromme. F. 1). Experiments in spraying and dusting tomatoes. Virginia Agric. 

Exp. Sta. Bull. 2,30. U p., 4 fig, 1922. . 

3. Humbert, J. G. Tomato diseases in Ohio. Ohio Agric. Exp. Sta. Bull. 321: 159- 

190. IS fig. 1918. 

4. Jones, L. B. A soft rot of cariot and other vegetables. Vermont Agric. Exp. Sta. 

Ann. Kent. 1899-1900: 299-332. 10 fig. 1901. 

5. PiiiTCHAUi), F. J., and W. S. Porte. Watery rut of tomato fruits. Jour. Agric. Hes. 

24: 895-905. 1923. Literature cited, p. 905. 

6. Sjierbakofe, C. I), Tomato diseases. Florida Agric. Exp. Sta. Bull. IIO: 119-132. 

Fig. 33-44. 1918. 

7. Townsend, C. O. A soft rot of the calla lily. United States Dept. Agric., Buj-. Plant 

Indust. Bull. 60. 47 p., 0 pi., 7 fig. 1904. 



A STUDY OF BACILLUS AROTDEAE, TOWNSEND, THE CAUSE OP 
A SOFT ROT OP TOMATO, AND B. CAROTOVORUS JONES 

A. B. Masseyi 
W mi Three Fkiukes in the Text 

Introduction 

In the summer of 1918, at Blacksburg, Virginia, there developed a con- 
siderable amount of a soft rot of tomatoes. This occurred in experimental 
plots which were designated to study the control of septoria leaf blight, 
and the soft rot of the fruit developed into an important factor. In 
describing these experiments Prornme (2) states: ^‘Practically all of the 
unsoundness of the fruit was caused by bacterial soft rot, a disease which 
is exceedingly common and often very destructive in tomato fields in Vir- 
ginia.^* Isolations from diseased fruits made by S. A. Wingard (15) 
proved a bacterium to be the causative agent. Its growth in pure culture 
resembled that of the group of bacteria which causes soft rots of plants 
but it could not be readily assigned to any of the described species of this 
group. There has been only casual mention of a bacterial soft rot of 
tomato in literature, and the distinguishing features of the organisms which 
might be responsible have not been as sharply defined as is desirable. It 
was decided, therefore, to undertake comparative studies of the organism 
in question together with some of the non-chromogenic soft rot forms. 

Between the years 1898 and 1904 several species of soft rot bacteria 
were described. The literature of these is summarized by Harding and 
Morse (4) in their discussion of comparative cultural studies carried out by 
them. They describe here the situation of the soft rot forms up to 1909. 
In 1910 Giddings (2) described, under the name of Baccillus melonis, a soft 
rot bacterium found destructive to muskmelons and also capable of pro- 
ducing rot in some other plants. 

Harding and Morse (4) seem to be the only ones who have made exten- 
sive comparative studies of the typical soft rot forms. Their studies in- 
cluded four named species {Bacillus carotovorus Jones,^ B. oleraceae Ilarri- 

1 Paper Ntu C3 from the Department of Plant Pathology, Virginia Agricultural Bx- 
porimont Station. 

2 In accordance to the classilication recommended by the Committee of the Society 
of American Bacteriologists t^e names used here would be of the genus Erwinia, Bacillus 
carotovorus Jones, becomes Erwinia carotovora (Jones) comm, S. A. B., and Bacillus 
aroideac Townsend becomes Erwinia aroidca (Townsend) comm. S. A. B. These names 
are recognized but at this transition period it is found that it is clearer to use the old 
generic name Bacillus in this paper where synonomy is involved. 
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son, B. omnivoriis Van Hall, and B. aroideae Towns.) and »‘{9 strains isolated 
from various soft rot tissues. All of the 43 strains were alike in the 38 
classifieatory features studied except in their manner of fermenting the 
common sugars. Barillns earoloi^or'nSj B. oleraceae and B. omnivorus, to- 
gether with 30 of the unnamed strains composed one group on the basis 
that they produced acid and gas from dextrose, sucrose and lactose. 
Bacillus aroideae and three of the unnamed strains composed a second group 
which showed the characteristic of acid fermentation ol* these throe sugars 
without gas formation. The six other unnamed strains were intermediate 
between the two groups and varied in the fermentation of these sugars, 
some producing acid and gas from one sugar and others from two. Tliis 
shows a difl'erenee which it w^ould seem is hardly suftieient, basis for the 
establishment of distinct species. This is further strengthened by the fact 
that the gas fermenters are wx»ak in their action. The amount of gas 
usually being just sufficient to recognize its presence in the fermentation 
lube. Harding and Morse que.stion the advisability of considering 
B. carotovorus and B. aroideae as distinct species. However they recognize 
the fact that their behavior in pathogenicity may separate them more dis- 
tinctly or show^ their close relationship. 

Comparative Studies 

Becognizing tlie results of the ■work of Harding and Morse as sifting the 
usually termed soft rot forms dowm at least to the tw’o si)ecies, B. carotovorus 
Jones, and B. aroideae Town, and probably to one (the former), these two 
forms, along with the strain from tomato, -v^Tre included in the study. 
Bacillus 'melon is -was not included since a comparison of Gidding^s descrip- 
tion of this species and Townsend \s descri])tion of B. aroideae fail to sho-vv 
clear specific dift'ereiices (See table 3). Giddings does not seem to have 
compared his organism with B. aroideae and Erwin F. Smith who has 
studied the two together states (12, p. 240) “I think that Bacillus aroideae 
and Bacillus melonis are identical.’’ 

Our culture of B. carotovorus was secured from L. R. Jones and is a 
descendant of his original isolation maintained in his laboratory as No. 3a. 
The culture of B. aroideae was provided by Erwin F. Smith. It is not a 
descendant of Townsend ’s original isolation, but one isolated by Smith from 
call a and believed by him to be the true B. aroideae. 

The investigations here reported are largely as to parasitism of the or- 
ganisms in plants of the vegetable and floral groups and also their action 
towards various organic carbon compounds in pure culture. All inocula- 
tions and fermentations were carried out in duplicate and were repeated, 
with a few exceptions to be noted later. The experiments with the three 
organisms were carried in parallel and maintained under the same condi- 
tions. 
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Pathogenicity 

The data here reported are as to inoeulations carried on in the field, 
greenhouse and laboratory. All inoculations were by needle punctures into 
the uninjured healthy tissue. Potatoes, fruit, etc., in the laboratory were 
not sliced under aseptic conditions and placed in sterile dishes, but the whole 
structure Avas thoroughly cleaned and put into moist chambers and inocu- 
lated by puncturing with needle. Moist chambers were used which were 
large enough to accommodate material for two or more separate inocula- 
tions and one or two checks ; the latter being punctured with sterile needle. 
Tn greenhouse and field, inoculations were made in the same manner into 
plants and plant parts in situ. 

Methods of inoculation reported by previous investigators, in studying 
the soft-rot bacteria, have been of two types. The method which has been 
followed, as mentioned above, was also used by Jones (7) and is to-day 
largely used in investigations of wound parasites. 

Townsend \s method (13) of studying the action of B. aroideae was 
largely that of cutting slices of the plant tissue aseptically, placing in sterile 
petri dishes, dividing the slice into four parts, orienting them in the dish 
and finally two pieces in each dish ‘ ‘ were inoculated with a 24 hour-old beef 
broth culture on the surface of the pieces and then stabbing through these 
drops — ^with a sterile needle. The objections to this method are twofold. 
The chances of autolysis of the plant tissue is greatly increased over that of 
the small wound caused by a needle puncture, hence the bacteria find simpler 
compounds at hand than those which occur naturally in the tissues. Sec- 
ondly, the addition of a liquid culture to the wounded surface gives a chance 
for a saprophyte to appear parasitic since it is possible for the extra cellular 
enzymes to bring about hydrolysis of the compounds of the tissues. This is 
nicely illustrated in inoculation of the sweet potato with Rhizopus. Direct 
inoculations are rarely successful, but infection is more often obtained 
when the fungus is placed in contact with the wounded surface along with a 
broth in which the fungus has been growing. 

It has been attempted to repeat as far as possible the inoculations re- 
ported by others, with these organisms under parallel conditions. Table 1 
summarizes inoculations by previous workers, Jones, (7), Smith (12), and 
Townsend (13), and the results obtained by the author, with the two named 
organisms and the tomato strain. 

The majority of inoculations made in the plants shown in table 1 gave 
the same results as have been before reported by other workers. As a whole, 
the negative and positive inoculations indicate a very close relationship 
between R. carotovorus and B. aroideae, and show the identity of the tomato 
strain with B, aroideae. They are sharply distinguished, however, by the 
reaction with certain hosts, notably cauliflower, kohl-rabi, and tobacco. The 
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TABLE 1 . — Bcsults of inoculations of soft rot bacteria into vagrtahlcs, fruits and tobacco, 
0 indicates no soft rot developed; + typical soft rot developed; blanlc spaces occur 
where no report has been made, or in author columns, inoculations not made. 

B. carotovorus B. aroideae Tomato strain 



J ones 

Smitli 

Author 

Townsend 

Antlior 

Author 

Apple, ripe . 

0 


O 

O 

0 

0 

Banana, green 



0 


O 

0 

Banana, ripe 

0 


o 

0 

0 

0 

Beet root . 

o 


o 


+ 


Cabbage 

+ 


-1- 

-1- 

+ 

+ 

Carrot, root . 

+ 

+ 

-f 

H- 


4- 

^Cauliflower 

o 


o 

+ 

+ 

+ 

Celery 

+ 


+ 


-f 

+ 

Cucumber 


+ 

+ 


+ 

-f- 

Eggplant fruit 

+ 


_i_ 

+ 

+ 

+ 

Kohl-rabi 



o 


1- 

+ 

Lettuce . 


+ 

H- 




Muskmclon . .. 


+ 

+ 

+ 

-t- 

4- 

■ Onion, youg leaf 



o 

0 

o 

o 

Onion, mature 

.. . + 


+ 

-1- 

+ 

+ 

Parsnip 

-1- 


H- 


+ 

4” 

Pepper, fruit 



-1- 

+ 

-h 

+ 

» Potato, sweet, root 

0 


() 


+ 

-1- 

Potato, white, tuber 

0 

-V 

+ 

-1 

+ 

+ 

Potato, white, stem 

0 


() 


0 

o 

Radish 

+ 


+ 

+ 

1- 

+ 

Salsify 

-h 


H- 

+ 

-1 

+ 

Tomato, fruit 

+ 


+ 

H- 

+ 

-1- 

Tomato, young stem 

0 


0 

0 

0 

0 

Turnip, root 

+ 


+ 

H" 

+ 

+ 

Tobacco, stem 



0 


-1- 


Tobacco, suckers 



0 


-1- 



type of rot produced by the two named org^aiiisms is very similar in all cases. 
Occasionally one finds a slight difference in the color and odor of the dis- 
organized tissues. The results obtained with certain of the hosts are de- 
scribed in the following. 

Cauliflower: The writer’s inoculations with B. carotovorus in the cauli- 
flower were negative agreeing with those of Jones while the inoculations 
with B. aroideae are positive and agree with those of Townsend. It was 
noticed, however, that the inoculations with B. carotovorus developed an 
initial appearance along a line of punctures as though rot were setting in. 
However, this initial appearance soon disappeared resulting in no dis- 
organization of the tissue beyond the needle punctures. With B. aroideae 
and the tomato strain this initial appearance developed during the first 24 
hours and was followed by rapid discoloration and general breaking down 
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of the tissues, typical of the soft rot. Harrison (5) reported a soft rot of 
the cauliflower by his B. oleraccae, and Harding and Morse (4), on the basis 
of their cultural studies, placed Harrison’s bacillus in a group with B. 
carotovorus. Jones, as mentioned above, noticed a dilference in the enzyma- 
tic activity of some soft rot forms. He found Harrison’s bacillus to be more 
active than B. carotovorus but not as active as B. aroideae. It appears, 
therefore, that the enzymatic activity of B. carotovorus is not such as to 
enable it to carry out the disorganization of the cauliflower tissue. 

Kohl-rahi: A number of inoculations were made into kohl-rabi ‘"balls” 
both in moist chambers in the laboratory and in the “balls” growing in the 





Fig. 1. Soft rot of Kohl-rabi balls induced by inoculation with (1) BacUlus aroideae and 
(2) the tomato strain; (3) Check, punctured with sterile needle. 

greenhouse and in the field. The inoculations made with B. aroideae and 
the tomato strain developed rapidly into a mushy rot involving the paren- 
chyma which is enveloped by the fibrous outer layer of the “ball.” The 
rot does not become evident externally for a number of days. A foamy 
secretion is often noticed from the point of inoculation giving evidence of a 
considerable gas production. In a firm' succulent “ball” the internal 
break-down progresses rapidly and in about a week, occasionally in five 
days, the collapse of the outer wall of the “ball” becomes marked. In 
figure 1 are shown sections of kohl-rabi “balls” cut three days after inocula- 
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tion. No. 1 was inoculated with B. aroideae; No. 2 with the tomato strain ; 
the upper fij^ure, No. 3, is a check. In these figures are shown the general 
break-down of the tissues but no effect on the wall of the ‘^ball.^^ The odor 
of the decayed kohl-rabi is very disagreeable, of the nature of spoiled cab- 
bage but stronger. 

The inoculations made with B. carotovorus developed initial appearance 
as described in inoculations of cauliflower with this organism. The change 
did not go beyond this and even the initial appearance very soon <lisap- 
peared. Checks which were produced by punctures with sterile needles did 
not show this change as was the case wdth the B. carotoiwrus inoculations; 
hence it could not be considered a case of traumatism. 

Onio7is: Inoculations into mature onion bulbs developed rot in the case 
of all three organisms. However, the development of the rot by the B. 
aroideae and the tomato strain w^as slow. Townsend also found rot develop- 
ment in this host to be slow. The inoculations made by B. carotovorus de- 
veloped into a more rapid rot and involved a larger area of the bulb. Only 
those bulb scales which w’ere punctured with the inoculating needle were 
affected. The scales beyond the needle ])iincture become infected rarely 
and then apparently only through Avounds caused by other agencies. Inas- 
much as the organism is a AVound parasite, tliis is exactly what might be 
expected since the bulb of course consists largely of succulent leaf bases. 
Inoculations into young onions were negative in both cases. *Tones reports 
successful inoculations into the leaf. Prom his deesription, however, it 
would seem that the inoculations were made into the leaves of the sprouts 
from mature onions which w^ere in moist chambers. The young leaves used 
in inoculations made here were those on young plants growing in soil in the 
greenhouse. 

From this the conclusions to be drawn agree with the accepted facts to 
be found in the literature of today. Bacterial rot of the onion would not 
become troublesome in the field until late in the growing season wh(m the 
bulb is maturing, its most serious damage more often developing in storage 
or transit and B. carotovorus being more actively responsible. 

Sweet potato: Jones reports inoculations of B. carotovorus into sweet 
potatoes as unsuccessful and my tests with this organism were also negative. 
In the first experiments with the sweet potato B. aroideae and the tomato 
strain also proved non-pathogenic. All of these first inoculations were 
made into roots bought on the market. Later inoculations were made into 
roots freshly dug from the ground. In these B, carotovorus proved non- 
pathogenic while B. aroideae and the tomato strain developed a soft rot 
involving a small area of the root. The decay caused by B. aroideae was 
not extensive and it is not believed that it would develop a serious soft rot 
of the sweet potato. 
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White potato: Inoculations made into the tuber of the white potato from 
the market or from local storapre did not develop pathogenically for B, 
carotovorus but did develop pathogenically in the case of inoculations with 
B, aroideae and the tomato strain. In the latter the decay was rapid and 
discoloration of the tissues was very marked, being similar to that produced 
by the blackleg organism. Later inoculations with B. carotovorus and B. 
aroideae into tubers recently dug developed into a rot in all cases the same 
results have been repeated by the writer several times. In these freshly 
dug tubers the rot by B. carotovorus is not essentially different from that 
produced by B. aroideae. 

Tobacco: Johnson (6) observed a decay of the tobacco stems in the field 
which resulted in the development of a hollow stalk. He gives brief mention 
of the trouble and states that he isolated a bacterium from the diseased tis- 
sue with which he was able to reproduce the disease in other plants. He con- 
sidered the organism one of the soft rot bacteria. More recently reports 
have (*omc from Connecticut and Massachusetts of isolated cases ol' the saiiK) 
disease. In these latter cases it seems that no isolations of the organism 
were made and little or no attempt was made to establish its identity. The 
writer has made inoculations into tobacco stems and the stem of tobacco 
suckers with both B. carotovorus and B. aroideae. Inoculations made with 
B. aroideae developed a rapid browming of the pith followed by a general 
soft rotting and collapse resulting in a disappearance of the pith of the 
stem; consequently the ‘‘hollow stalk.’’ These inoculations developed very 
markedly in 36 hours under greenhouse conditions (see figure 3). Tin? 
inoculation made with B. carotovorus did not develop any discoloration or 
any disorganization of the tissues of the tobacco stalk. 

The hollow stalk disease has been described as entering the base of the 
stalk or the tip and rapidly developing throughout the pith of the stalk 
and into the petiole and larger veins of the leaf. One plant becoming in- 
fected in the field through some wound may easily develop a source tor 
spread of infection by various agencies, especially by the knife in topping. 
Clinton mentions an isolated occurrence of the disease in Connecticut and 
states that there are usually two or three plants together in the field. The 
writer has not found any report of any extensive development of hollow 
stalk. However, it is possible that the disease has been mistaken for the 
manifestations of other organisms. Specimens of diseased tobacco plants 
have been received from Virginia which were difficult to place and it seems 
probable now that some of these may have been cases of hollow stalk caused 
by B. aroideae. It is possible to confuse hollow stalk and tobacco wilt {B. 
solanacearum) on casual examination. 

Striking differences in pathogenicity are also found among the floral 
plants, especially so in the calla lily and in the wild and cultivated iris. 
The results of inoculations into floral plants are presented in table 2. 
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TABLE 2. — BesuUs of inoculations of floral plants 

with soft rot bacteria. 


B. carotovorus 

B. aroideae 

Tomato strain 

Common Calla Lily, petioR' 

Zantvdcschia acthiopica. Var. Minor 

0 

+ 

+ 

Golden Yellow Calla, i)etioI(; 

Z antcdcsch ia E Ihoti ans 

0 

+ 

+ 

Elephant Ear, petiole 

Caladiurn esmlmtum . 

0 

0 

0 

Garden Gladiolus, green leaf 

O 

0 

O 

Blue FliiK 1 , . 

Ins versicolor j 

+ 

0 

0 

Wild SpiiiiK Iris ^ 

Jns v(nia / ‘ 

'1 

0 

0 

Jlyaeintli, Seape 

+ 

+ 

+ 


As is noted in tlie table none oi’ the organisms infected the elephants^ 
cai* Jioi* tlie 5 ?ladiolus, and all proved positive for the hyacinth. Tlio action 
towards ealla and iris is especially striking and is detailed as follows: 

Call a lilies: Toward this host B. aroifleae and the tomato strain are 
markedly pathogenic while B. cAiroiovorus is not at all so. This is the host 
from which Townsend first isolated his organism. The usual illustration 
of tlie effect of this organism cells shows the breaking down of the tissues 
over a limited area of the petiole. Such is not the most striking manifesta- 
tion of the disease. Tlie limited area rajiidly enlarges resulting in a general 
destruction of the host as shown in figure 2. Leaf blade inoculation like- 
wise re.sults in a disorganization of the tissues. Inoculations from vigorous 
cultures into a good healthy petiole will show infection within 24 hours 
while those made into old petioles are slow in development. The writer has 
found this host to be the most satisfactory one for proving out Bacillus 
aroideae. 

Iris: Inoculations into this host gave opjiosite results from the calla 
inoculations. B. carotovorus proved jiathogenic while B. aroideae and the 
tomato strain did not. These inoculations were made mostly into the green 
leaf under very humid conditions. Infection is apparent as a general break- 
ing down of the leaf tissues in a circular fashion around the needle punc- 
ture. Diseased areas on leaves which develop during periods of high 
humidity dry up and fall out when the humidity decreases, giving the 
appearance of shot hole, or if they occur on the edge of the leaf, resemble 
more the depredations of insects. 
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Observations for several years in a local p^arden where soft-rot of tomato 
has been destructive are of interest. In this garden soft rot of carrots, 
white potatoes, parsnips, cucumber, muskmelon and other plants was com- 
mon while no rhizome or leaf rotting of iris has appeared. Irises taken 
from this garden proved by inoculations to be susceptible to B. rarotovorus. 



Fio. 2. Calla lily plants inoculated in petiole (1) with B. carotovoriis, (2) with B. 
aroidcae. No infection results from B, cartovorua inoculations. 

Or 

Iris has been reported as subject to bacterial soft rot by several workers 
and it is not an uneonurum disease. Specimens have been received from 
two localities in Virginia. Van Hall (14) described a disease of the young 
shoots caused by his Bacillus omnivorus (wdiich according to the work of 
Harding and More mentioned at the outset, comes to B, carotovorus) on 
Iris florentina and L gerinanica, Richardson (10) reports B. carotovorus 
as the cause of soft rot y>f iris in Canada. Shull (11), in a popular article, 
described the disease and measures of control. 

Miss Ijacy (9), in a short note, reports a soft rot of violet caused by 
jB. carotovorus. 8o far our inoculations have all been negative. Difference 
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in varieties and conditions under which grown most likely is the explana- 
tion. The plants used in our work were cultivated forms that received no 
care. Miss Lacy's plants were from a garden where they WTre attended to 
and the growth was very likely much more succulent than was the case of 
the plants used in this experiment. Miss Lacy gives a very brief descrip- 
tion of the organism she isolated and found to be parasitic and mentioned 



Fuj. ‘A. l^oiigitudiiial section of tobacco stem 30 hours after inoculation with B. arouicae, 
showing disintegration of the pith. 

that it corresponded favorably with B. carotovorvs in culture in her labora- 
tory but does not state that the pathogenicity of the latter organism W’as 
determined. 


Fermentation 

Cultural ditferentiation of B. carotovorua and B. aroideae has been 
mainly based upon the fact that the former produces gas where the latter 
does not. Bearing in mind the small amount of gas produced by B. caro- 
tovorus it makes the cultural differentiation rather uncertain. 

The action of the organisms toward various organic carbon compounds 
were studied for the most part in solution. The cultures were grown in 
150 cc. Erlenmeyer flasks, each containing 25 cc. of the culture solution. 
The solution was prepared by dissolving the total amount of organic carbon 
compound in four-fifths of the total amount of distilled water to be used. 
The concentrations of the organic compounds used are shown in table 4. 
After the solution was all dissolved 20 cc. portions 'were measured with 
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pipette into the flasks. These were plupfj?ed with cotton wool and sterilized 
in the autoclave under 15 pounds steam pressure for 15 minutes. Thus the 
carbon compounds were sterilized in the presence of the distilled water 
only. To each of these flasks was next added 5 ce. of sterile 2.5 per cent 
Bacto peptone solution. The transfer to the flasks was accomplished by 
means of sterile pipettes under gfuarded conditions to prevent contamination 
from the air. This made a peptone concentration of 0.5 per cent in each 
flask. After the sterile peptone solution had been added the flasks were 
incubated for three days to develop any contaminations. The percentap^e 
of contaminated flasks was very small. 

The flasks were inoculated from 24-hour peptone broth cultures by 
putting? into the flasks 2-3 drops of the culture from a pipette. The inocu- 
lated flasks were incubated at 25°‘-30° C. The hydrogen-ion concentration 
was determined at intervals to note the development of acidity and flnal pi I. 
These determinations were made colorimetrically by comparing with stand- 
ard buflVr solutions containing the proper indicator. For detecting gas 
fermentation the agar shake method w^as used. The media was ])repared 
in the same manner as described for the liquid cultures, i.c. by sterilizing 
the component parts separately. At first the oxygen relation in such cul- 
tures was (juostioned but experiments as shown in tables 5 and 6 cleared 
this point. 

Table 3 summarizes the action of B. carotovoriiSy B. aroidcae and B. 
mcdo7iis, as reported by Jones (7), Townsend, (13) and Giddings (3), re- 
spectively, and by Smith (12) for B, caroiouorus, on some of the common 
organic compounds used in culture studies. 

As shown in table 3 the three organisms are not distinguished on the 
basis of acid production, but B. carolovorus differs from the oth(*rs in gas 
production. The amount of gas is often slight and this has not been con- 
sidered a sufficient basis for separation by Harding and Morse (4). 

The table shows how impossible it would be to separate Giddings bacil- 
lus from B. aroidcae in such cultures. 

The fermentations here reported were carried out to determine the 
actions of B. carolovorus and B. aroidcae toward a larger number of organic 
compounds in hope of showing stronger their relationship. This was car- 
ried out by observing the acid and gas fermentation of the following; 

Alcohols 

Monohydric — Ethyl, Butyl, 

Polyhydric — Glycerol^ Mannitol, 

Aldehyde — ^Vanillin 
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TABLE 3 . — Gas and acid fermentation hy li, carotovorm, B. aroideae , and B. melonis 

a.s gathered from literature. 





B. carotovorm 


B. aroideae 

B. melanin 



Gas 

Acid 

Gas 

Acid 

Gas 

Acid 



I.RJ 

EFS 

LRJ 

EF8 

Townsend 

Giddiiigs 

HoxtroHe 



+ 

T 

~ -h 

O 

4- 

O 


Lactone 



+ 

+ 

+ 

O 

+ 

0 

4- 

Sucrose 


+ 

+ 

-f 

H- 

o 

4- 

o 

4- 

Maltose 






0 

+ 

o 

4-* 

Mannitol 


-1- 

-f- 

+ 

+ 

o 

4- 

0 

4" 

Glycerol 


O 

O 

+ 

+ 

0 

4- 

o 


Muscle sugar 



+ 


-f 





Milk 


o 

o 

4- 

H- 

+ 


-h 

"4 


* Gi(Jdiiigs\s results indicate acid development from maltose at 25° C. during* first 
four days to be about pH G.8, on 18th day about pH 7.4. Townsend’s didermiiiations 
were in twenty \ve(‘ks ’-old cultures using litmus indicator. 

** Reported hy Smith (4). Towmsend did not test the action of his organism on 
milk in fermentation tubes. 

Monosaevh arides 
Pentoses — Arabinose, Xylose, 

M ethy Ipentose — Ilhainn ose, 

Hexoses — Dextrose, Galactose, Leviilose 

D isacch arides — Saccharose, Maltose, Lactose, 

Trisaccharides — Raffinose, 

FoJysacch arides — Starch, Dextrin, 

Glucosides — Ainygdalin, Esculin, Salicin, and Arbutin. 

This selection presents a series of organic carbon compounds of varying 
com])lexities and was made with the hope of bringing out differences in the 
organisms through the selective action of their enzymes, that is, through 
the relationship between molecular configuration of the compounds and 
enzymatic action. 

Tn the beginning it was realized that by observing only the acid and gas 
fermentations, the chances of finding differences in the action of the organ- 
ism were limited. However, for practical differentiation of the organisms 
in culture a more detailed chemical study of the fermentation, as to the kind 
and amount of cleavage products, though interesting, and valuable, would 
not necessarily aid in readily distinguishing the organisms in cultures. It 
is hoped later to go into the study of these cleavage products which should 
help to explain points that come to mind in this study, and by chance throw 
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some li^ht on the cause of resistance and susceptibility in plants to these 
bacteria. 

The results of the fermentation of the compounds listed above, exclusive 
of the glucosidcs, are shown in Table 4. The hydrolysis of the glucosides 
is given in table 5. The relationship of the action on the mono-, di- and 
trisaccharides (exclusive of maltose) is the same as tliat shown by previous 
studies in the fermentation of the usual laboratory sugars. That is, B. caro- 
tovorus produces acid and gas, while B. aroideae and the tomato strain 
develop acid fermtmtation only. 

The action towards maltose is contrary to previous reports. The writer 
found a slight rise in the ll-ion concentration during the first 48 hours, but 
the action soon reverses. The figures in parenthesis o])posite maltose is 
the pll. reading at the end of 24 hours. The most feasible exj)lanation of 
this small acid development is that there seemed to be a trace, not readily 
detected, of inverted maltose in the culture. This was fermented with de- 
velopment of slight acidity and when used up, maltose proving unfavorable, 
the protein molecules are attacked to satisfy the carbon as well as the 
nitrogen requirements in the metabolism of the bacteria. The excess nitro- 
gen being eliminated in the form of ammonia woidd increase the hydroxyl 
concentration. An analogous action tow^ards the polysaccharides was found, 
though no initial rise in the i)ll. 

Bio-chemical studies of the enzymes liave shown that eniulsin is com- 
monly responsible for the hydrolysis of glucosides of the beta type, while 
the alpha-glucosides are hydrolized by the enzyme maltase. The beta- 
glucosides, amygdalin, aesculin, salicin, and arbutin were hydrolized by 
both organisms which indicates the presence of the emulsin complex in the 
cultures of these organisms. Maltose, glucose alpha-glucosidc, is not hydro- 
lized by these bacteria which indicates the absence of maltase. Demonstrat- 
ing the presence of emulsin helps in further interpretation of table 4. 
Lactose, a glucose beta-galactoside, is more actively hydrolized by lactase. 
Some preparation of the emulsin complex from almonds has been found 
capable of hydrolizing lactose. The tri-saccharide, raflfinose, is hydrolized 
by both emulsin and invertase ; emulsin converting it to sucrose and galac- 
tose and invertase to fructose and melibiose. Mclibiose (glucose beta- 
galactoside) is slowly acted ui)on by emulsin. Finding evidence of the 
presence of emulsin and invertase in cultures of these bacteria give a clearer 
understanding of the action shown towards the di- and tri-saccharides oi' 
table 4. Through the enzymatic action these compounds (exclusive of 
maltose) are hydrolized to the simpler monosaccharides and these are in 
turn fermented forming acid on the one hand and acid and gas on the 
other. It is in the fermentation of the monosaccharides that a careful bio- 
chemical study would be of interest and likely instructive as to the physi- 
ology of these closely related forms. 
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TABTjE 4. — Acid and (fas fermentations hy B. carotovorus and B. aroidcac. 


B, carotovorus B. aroidcac* 



H-ioii concentration 

Gas 

Tl-ion concentration 

Gas 


At 

4-day 


At 

4-day 

7 


start 

cultnie 

days 

stai t 

cultuie 

days 

■ — 

_ _ 

_ 

__ - 

— — 


— 

Alcohols and Aldehyde 

Ethyl 4.0 % 

. ().S 

5.2 

— 

0.8 

7.4 


Pmtyl 0.5 % 

().« 

7.0 


0.8 

7.2 

— 

Glycciul 0.0 % 

O.H 

O.S 

— 

0.8 

7.0 

— 

Mannitol 1.0 % 

O.S 

5.0 

■) 

0.8 

5.0 

— 

Vanillin 0.027o 

().(i 

0.2 

— - 

0.0 

0.4 

■ — 

M 0 n osa cch aridcs 

Arabiiiose 1.0 % 

7.2 

5.0 

+ 

7.2 

5.0 

— 

Xylose 1.0 % 

0.0 

5.0 

+ 

0.0 

5.0 

— 

Rhannnose 1.0 % 

7.0 

5.2 

+ 

7.0 

5.4 

— 

Dextrose 1.0 % 

0.0 

5.0 

+ 

0.0 

4.4 

— 

Oahietose 1.0 % 

0.12 

5.2 

■1- 

0.2 

5.4 

— 

Levulosc 1.0 % 

0.0 

5.2 

-1- 

(>.<; 

5.4 

— 

Di- and Tri-Saccharidcs 

HncroH(' 

o.s 

5.0 

-h 

().8 

5.0 

— 

Maltose 1 % 

0.S(0.2) 

7.8 


o.s (0.4) 

7.2 

— 

Tiaetose IG^ 

0.4 

5.2 

+ 

0.4 

5.4 

— 

Kadinoso 1% 

7.2 

5.4 

-1- 

7.2 

5.2 

— 

Bo lysa cch a rides 

Starch 1 % 

7.2 

7.0 

— 

7.2 

8.0 

— 

Innliii 1% 

7.2 

8.0 

— 

7.2 

8.2 



* The tomato stvaiii agreed with the B, ai&ideaf, througliout. 

The action on ethyl alcohol is of interest as it gives an additional means 
of cultural ditferentiation. The acid development from ethyl alcohol is very 
marked with B. carotovorus while it is entirely absent in cultures of B. 
aroidcae. Growth in peptone broth containing ctliyl alcohol is very strik- 
ing. B. carotovorus produces a heavy i)elicle and an abundant growth, 
while B. aroldeae produces a very slight growth. This is well illustrated by 
Smith (12, fig. 184). The writer is not aware of acid fermentation of 
alcohol by B. carotovorus being previously recorded. By use of an alcohol- 
peptone, Brom-cresol-purple agar the two forms are readily separated as 
B. carotovorus quickly develops acid which changes the indicator from 
purple to yellow. B. aroideae grows on this agar, but there is no change in 
the color of the indicator. 



474 


Phytopathology 


[VoL. 14 


The method of preparing the alcohol medium is as follows: The agar 
base contains 1 per cent peptone, 1.8 per cent agar shreds, and Brom- 
cresol-purple in distilled water. This is dissolved, tubed (8 cc. per tube) 
and sterilized. Just before use the agar is melted, cooled to 45° C. and 0.4 
cc. of 95 per cent ethyl alcohol is added. The tube is roiled to mix and is 
quickly cooled as a slant. This can be held to prove its sterility if desired. 
The concentration of alcohol is 5 per cent. Ten per cent alcoholic concen- 
tration is not prohibitive to H. caroloiwrm, but seems to be to B, aroideae 
though the tolerance of the forms to alcohol has not received the writer’s 
attention. 

Stroke culture on agar of this tyi)e reveals acid development very 
prettily. For isolating B. caroiovorus from rotted tissue it is of course 
essential that the plates be poured when the agar is first made on account 
of the volatility of the alcohol. On these plates B. carotovorus is readily 
isolated by fishing the acid developing colonies. If the rot is due to B. 
aroideae fishing from amoeboid non-acid colonies will assist in isolation. 

The writer has also studied authentic cultures of B. jyhytophihorm and 
B. airosepiicus on alcohol-agar and both show no acid or gas production. 
They disagree with B. carotovorus in this respect although they are like it 
in a number of other respects according to facts gathered from literature 
and unpublished studies of the writer. 

Oxygen Eequihements 

The growth of the soft rot forms in the closed arm of Smith fermenta- 
tion tubes brought to mind the question of oxygen requirements. This was 
tested out in the presence of dextrose only. Two experiments were S(*,t up : 
The pll development was studied, first, in flasks and tubes presenting dif- 
ferent surface areas exposed to the air of the vessel and second, in tubes 
with sterile vaseline covering the surface of the medium. 

Exjjerimcrii No. 1 . pll development in dextrose peptone broth under 
varying surface area exposures. A dextrose peptone broth (peptone 0.5 
per cent, dextrose 1 per cent) was prepared in bulk and then distributed 
in 25 cc. (luantities in small (150 cc.) Erl. flasks 6.5 cm. in diameter at the 
surface of the liquid and large test tubes of 2.5 cm. diameter. After 
sterilization six of each were inoculated and each day for three days two 
cultures of each bacterium were used to determine the pH. Just prior to 
making pH determination in a culture the broth was thoroughly mixed and 
then determinations were made colorimqtrically. The results are given in 
table 5. 

Bacterium angulaium (Fromme & Murray) and Bacterium tahacum 
(Wolf & Foster) are included to show more strikingly the effect of surface 
area exposed on Il-ion development. The tobacco bacteria are strict aerobes ; 



1924] 


Massky : Study op Bacillus aroideak 


475 


they do not grow in closed arm of Smith fermentation tube. This demon- 
strates the facultative nature of the soft rot forms. Tlie availability of free 
oxygen is not a factor in the fermentation of the carbohydrates by them. 
The case is different with the tobacco leaf spot organisms. Also it is demon- 
strated clearly that it is necessary to consider the surface area of the culture 
in studies of H-ion development unless preliminary experiments show the 
organism to be a facultative form. 

TABLE 0 . — D( vclopitif nt of Jl-ion concmlration in dextrose broth with varying surface 

art' a exposure. 


24-liour culture 48-hour culture 72-li()ur culture 
Square centimoters in exposed surface; 


J^fiftcria studied 

44.18 

5.03 

44.18 

5.03 

44.18 

5.03 


pii 

I'll 

pii 

I'll 

J>H 

I'll 

B. carotovorm 

5.0 

5.0 

5.0 

4.8 

4.8 

4.8 

B. phytojdiorus 

. 5.2 

5.2 

5.0 

5.0 

5.8 

4.8 

B, aroideae 

5.0 

5.0 

0.0 

4.8 

4.8 

4.8 

Baet. tabaemn 

5.2 

7.0 

0.0 

0.4 

4.8 

(5.0 

Bact. angulai'itm 

5.0 

7.0 

5.0 

5.4 

4.8 

5.0 

Control 

0.(5 

(5.0 

0.(5 

0.(3 

(5.0 

0.0 


Experiment No. 2. The pll development from dextrose in culture tubes 
with sterile vaseline covering the medium (Brownes (1) vaseline tube). 
The medium used here was the same as in Ihe [)revious expeilment ; 10 c(*. 
were placed in test tubes 1.5 cm. in diameter and then sterilized in the 
autoclave. As soon as the autoclave could be opened the tubes were taken 
out and about 1 cc. of melted sterile white vaseline was placed in each tube. 
In this way the chances of oxygen being absorbed were slight, if any. After 
cooling these were inoculated from agar cultures. The inoculation was 
made direct into the medium by holding the tube at about 45° angle and 
gently melting the edge of the vaseline which slips, thereby exposing the 
jttiedium. After inoculation the vaseline plug is melted by holding the tube 
in the flame, tube placed upright, and the vaseline solidifies over the surface 
of the medium. That this vaseline seal is effective is shown by the fact that 
9 tubes of broth prepared in this way, but not inoculated, standing for 
eleven months in the open laboratory, with only the protection of the cotton 
plug, show less than 1 mm. shrinkage. 

The results of these anaerobic cultures are shown in table 6. 

Summary 

A bacterial soft rot of tomato is here shown to be caused by Bacillus 
aroideae Townsend. 



476 Phytopathology [Vol. 14 

TABLE 0 . — Dcvdopment of E-ion concentration and gas in vaseline scaled tubes in 

presence of dextrose. 




5-day-old culture 
pll 

Gas 

B. carotovorus 


4.8 


B. aroideae 


4.8 

O 

B. phytophthorus 


4.8 

+ 

Bact. tabacum 


0.6 ^ 

0 

Bad. angulatum 


6.6 Y No growth 

0 

Control 


(;.() J 

o 


Comparative studies of B. aroideae and B. carotovorus Jones, indicate 
the close relationship of these two forms, but they may be readily differen- 
tiated by either laboratory cultures, pathogenicity, or, better, by a combina- 
tion of the two. 

Bacillus carotovorus and Bacillus aroideae, though closely related, sljould 
be maintained as separate species. 

The following scheme summarizes the differentiation of the two or- 
ganisms : 

I CULTURATi AND FERMENTATION CHARACTERS 


if. carotovorm B. aundvae 


Agar colonies in tliiiily sown 

l)latos . round, entire amoeboid 

Fermentation of: dextrose, lac- 
tose, galactose, saccharose, 

mannitol, etc. acid and gas acid without gas 

Action in ethyl alcohol media acid without gas, heavy no acid or gas, no pell do 

pelielo and abundant and slight growth, 
growth. 


II Patiio{;enk.sis 


Inoculation into: 


Calla . . 

Iris 

Kohl-rabi 
Cauliflower . . 


negative 

positive 

negative 

negative 


positive 

negative 

positive 

positive 


Studies of the oxygen requirements demonstrate the facultative nature 
of the soft rot forms and bring out the importance of stating the area of 
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the exposed surface of a broth in studies of H-ion concentration if the organ- 
ism is not a facultative type. 

Acknowledgments are due to Dr. F. D. Promme for constructive sug- 
gestions and criticisms of these investigations and especially in the final 
shaping up of the manuscript. 

LITER AT17RE (^ITED 

1. JIitowN, J. II. The vaHoliiio tube and syringe method of imcio gas analysis of bac- 

terial cultures. Jour. Exp. Med. 35: 6()7-()H4. 1922. 

2. Fuoaime, F. II. Experiments in .spraying and dusting tomatoes. A^irginia Agric. 

Exp. 8ta. Bull. 2.^0. /J p., 4 -fig. 1922. 

J. GiDDiNOS, N. .1. A bacterial soft rot of niuskmelon, caused by BatnUuj< mrlonis, n. sp. 

Vermont Agric. Exp. Sta. Bull. 148: Jdl-lld. 1910. Bi]»liograpliy, p. 415-41C. 
4. Hardinii, II. A., and W. J. Morse. The bacterial soft rots of certain v(‘g(*tables. 
I — The mutual relationships of the causal organi.srn.s. Vermont Agiic. Exp. 
Hiti. Bull. 147: 243-279. 1910. 

f). llARjiiKON, F. 0. Preliminary notes on a new organism producing rot in cauliflower 
and allied plants. Science 16: 152. 1902. 

(). .lojiNSO.N, James. The control of diseases and insects of tobacco. Wisconsin Agric. 

. Ex]). 8ta. Bull. 237. S4 p., 9 fig. 1914. 

^7. Jones, L. R. A soft rot of carrot and other veg(‘tal)les caused by BacilliuH caroto- 
vorus Jones. Vcimont Agric. Exp. Sta. 13th Ann. Rept. 1899-1900: 299- 
332. 1901. 

8. . The bacterial soft rot of certain vegetables, IT — Pectinase, the 

cytologic enzyme punluced by Bacillus a rotovoriis and ctolain other soft-rot 
organisms. Vermont Agric. Exp. Bta. Bull. 147 : 283-300. 1910. Bibliography, 
p. 357-300. 

9. Lacey, M. S. Studies in bacteriosis. VI — Bacillns carolovorm as the cause of soft 

rot in cultivated violets. Ann. Appl. Biol. 9: 109-170. 1922. 

10. Richardson, J. K. A study of soft rot of iris. 15th Ann. Rept. Quebec Soc. Prot. 

Plants 1922-1923: 105-120. FI. 5-7. Bibliography, p. 120. 

11. Shull, J. M. Iris root rot. Flower Grower 8; 32. 1921. 

12. Smith, E. F. Bacterial diseases of plants. Philadelphia and London. 1920. 

^ 13. Townsend, C. O. A soft rot of the calla lily. United States Dept. Agric. Bur. 
Plant Ind. Bull. 00. 47 p., .9 pi., 7 fig. 1904. 

14. VAN Hall, C. J. J. Das faulcn dor jungen schlosslingo und rhizome von Ins 

* florentina und Iris’ germamea, verursacht durch Bacillus omuivorus v. Hall und 

durch einigo andere bakterienarten. Zeitsclir, f. Pflanzenkr. 13: 129-144. 111ns. 
1903. 

15. WlNGARD, S. A. Bacterial soft rot of tomato. Phytopath. 14: 451—459. 1924. 



EXPERIMENTS IN CONTROL OP CANKERS OP PEAR BLIGHT 


L. H. Day 

With One Figure in the Text 

The term canker as herein used in relation to the pear blight disease 
{Bacillus Amylovorus) refers to the diseased area of the bark in larger 
branches. These areas or cankers may vary in size from a fraction of an 
inch in diameter up to areas surrounding the whole branch or trunk and 
may extend along such parts for many feet. 

Jt is a quite current opinion held by pear growers and many plant 
pathologists who have not taken particidar notice of the literature on tlie 
subj(^ct or of the lesions of the disease in the bark, that the disease is jiri- 
marily in the cambium layer. In fact this statement is quite common in 
texts, bulletins and articles on pear blight. A number of authors, however, 
have pointed out the fact that this is not the case, and that the disease often 
kills only the outer bark. In California wdiere the Bartlett pear industry 
has usually been very profitable, growers have gone to great expense in 
fighting blight and in attempts to save larger branches which have becoiue 
infected. Por many years the more progressive growers made a practice 
of going over their orchards every week or ten days and cutting out the 
affected areas of bark (cankers) in larger branches before the disease had a 
chance to progress all the way around. The bark was cut to the wood and 
some disinfectant applied. Finally, about 1916, one grower, ]\lr. Hayward 
Reed, of Sacramento, having noticed that the disease progressed in the outer 
bark for several weeks before it penetrated inwardly to the cambium layer, 
tried on a rather large scale, the idea of shaving off only the outer bark 
over the cankers and applying disinfectants. This method gave consider- 
able i)romise. Many of the cankers were arrested and the uninjured cam- 
bium regenerated a new bark within the season. This method was taken iq) 
by a number of growers and gained considerable favor until in the virulent 
outbreak in 1920-21 it failed completely. At this juncture the writer began 
an investigation of the matter to determine the possibilities of the method 
and to try to perfect it, if it seemed feasible. 

Hundreds of cankers were scarified, that is, the outer bark shaved off, 
and treated with various disinfectants. It became evident that there was 
considerable promise in the method. Reimer^s formula consisting of cyanide 
of mercury and bichloride of mercury, one part each in 500 parts of water, 
by weight, was the most commonly used disinfectant. However, it was not 
penetrating enough. Apparently the water evaporated too quickly and left 
the chemical dry and inactive on the scarified bark. In the spring of 1922, 
I had a student scarify some thirty-five or forty cankers, to half of which 
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was applied the Reimer fornmla in water and to the other half the same 
disinfectants dissolved, in the same proportions, in a solution consisting of 
one part water and three 7)arts of glycerine. This latter formula arrested 



Fig. 1. Pear blight canker scarifiod from near the ground and a short distance up each 
scaffold. The cambium was saved under this canker and a new bark generated. 


all the cankers treated while the other gave only thirty-five per cent control. 
This method and formula is now used by hundreds of pear growers in Cali- 
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fornia. Those who understand the method of scarifying and have careful 
workmen secure a high percentage of control, possibly from 80 up to 95 
per cent. The older that cankers become the deper they penetrate and the 
more difficult to arrest. The grower goes over the orchard every week or 
ten days to find these cankers before the disease becomes te(b deep. 

The method of operating is as essential as the disinfectant formula used. 
The dead outer bark must be shaved down until most of the diseased tissue 
is removed. Thick bark in crotches, and around branch collars and old 
bud scars must be pared nearly to the cambium. However, if i)ared too 
deeply the disinfectant will kill the cambium. Not the least speck of epi- 
dermal bark should fie left in the diseased area for the disinfectant will not 
penetrate the waxy covering of the bark. The bark must be shaved for four 
or five inches beyond the ends of the canker. These various details of 
course can only be learned by experience. 

A long bladed jack-knife is a good tool for shaving the bark but the 
growers have improvised various ‘‘scrapers'^ for this work. The photo- 
graph shows a pear tree scarified from near the ground and up each scaffold 
for a distance of about one foot. It required about one hour to perform 
this operation. 

The author has tried to accomplish these same results with i)enetrating 
and caustic chemicals painted onto the bark to take the place of the more 
laborious surgical operation. Scores of different chemicals have been tried. 
Some have given promise but there are a number of factors which make 
this a difficult problem. Branches differ in the readiness with which they 
take in chemicals. Trees in different orchards vary in this respect, and 
they vary from season to season in a rather large range. The diseased area 
usually absorbs chemicals more readily than does the healthy tissues at tlie 
margins of the canker, especially in older cankers. The range between a 
concentration of chemicals sufficient to kill the bacteria and one that will 
not overpenetrate and injure the cambium is too close to make any of the 
materials yet tried very satisfactory. The iodine salts have been the most 
promising, especially zinc iodine and potassium tri-iodide. A fifteen per 
cent solution of zinc iodide has stopped practically all cankers treated but 
it over-penetrates so frequently in the older cankers, that many branches 
are lost that could have been saved by scarification. 

Then, of course, varieties of pear trees differ in the readiness with which 
the bark absorbs chemicals and also the blight runs deeper in some varieties 
than in others. Possibly in some climates the blight may run deeper than 
in others so that methods that may be successful in California may not be 
succe.ssful in other places. 

Division of Pomology, 

University of California. 
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THE EFFECT OF HYDROGEN-ION CONCENTRATION ON 
THE EXTRACELLULAR PECTINASE OF 
FUSARTUM CROMYOPHTIIORON 

Oheistos P. Sideris^ 

INTRODUCTION 

The action of pectinase in the hydrolysis of pectin and in the maceration 
of vegetable tissues has been studied by many investigators. The results 
of these different workers indicate that distintegration of vegetable tissues 
by fungi apd bacteria is due to an enzyme or a group of enzymes called, 
collectively, peetolytic enzymes. The different members of the group are 
recognized by their specific function : pectosinase, being the enzyme which 
converts pectose to pectin; pectase, the one which coagulates pectin, and 
finally, pectinase, that which hydrolyses pectin to reducing sugars of the 
pentose series, probably, to d-galactose and 1-arabinose. 

" UTERATUIiE CITED 

Pectinase is reported in the literature as being intracellular (that ob- 
tained from within the cell) and extracellular (that obtained from the 
solution surrounding the cell). Pectinase obtained from either source is 
shown to possess identical properties. 

Jones (6) who conducted extensive researches with BacUlus carotovorus 
Jones, found that his organism secreted an enzyme which dissolves the 
middle lamellae considerably in advance of the invasion of the bacteria, 
but had no action upon the lignified or suberized walls. Brown (1) and 
Harter and Weimer (4) found that the macerating principle was most 
active in young and vigorously grown hyphae. The two latter investiga- 
tors (5) showed, also, that pectinase is present in the spores of Bhizopus 
tritici Saito, and that its development is influenced considerably by the 
composition and the H-ion concentration of the substratum. 

1 The writer is indebted to Professor R. E. Smith and Dr. J. L. Weimer, for reading 
the manuscript and for helpful suggestions. 
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METHODS OP EXPERIMENTATION 

The experiments, which follow, w'ere planned and performed in such a 
way as to demonstrate the hydrolyzing principle of pectinase, obtained 
from substrata of a different initial H-ion concentration, on onion tissues 
and pure pectin. 

Cultural Methods 

The methods for the production of pectinase consisted in growing 
Fusarium cromyophthoron Sid. (10) in onion decoction cultures of a dif- 
ferent initial pH, viz,, pH of 3.2, 4.0, 5.0, 6.0, 7.0, and 7.5, for different 
periods and then isolate the enzyme from the substratum. The culture 
solution was maintained constant in regard to the initial pH with occasional 
introductions of adjusting reagents, such as 0.2/N IICl and KOH. 

The onion decoction was prepared as follows: 200 grams of peeled 
onions were cut into pieces and boiled in 500 c.c. of water which had been 
acidified with 25 c.c. of 5/N HCl. The entire mixture was boiled for half 
an hour and then filtered through cotton. The filtrate was then made up to 
1,000 c.c. with a solution containing MgSO^ 2.12 grams, Ca(N03)2 0.71 
grams, KH2PO4 1.36 and Fe(N03)3 1 c.c. of a 5 per cent solution, and later 
adjusted to desired H-ion concentrations. 

Twenty-four one-liter Erlenmeyer flasks were employed for the experi- 
ment, each one constructed after the apparatus described by Sideris (9). 
They were divided into four scries, each one including six flasks and repre- 
senting six different H-ion concentrations, viz,, pH of 3.2, 4.0, 5.0, 6.0, 7.0, 
and 7.5. All four series of cultures were inoculated at the same time, but 
allowed to grow for different periods: Series A, grew for seven days; B, 
for fifteen; 0, for twenty-two, and D, for twenty-nine. The solution was 
filtered off from the different culture media at the end of each period and 
the enzyme-containing-filtrate retained while the residue consisted of the 
mycelial mat of the fungus thrown away. 

Isolation of Pectinase 

The enzyme contained in the filtrate was used in two different ways for 
the maceration of onion tis.sues: One way, was to introduce onion discs 
directly into the filtrate and observe the action of maceration, and the other, 
to isolate the enzyme from the filtrate, dissolve it in distilled water and 
then employ it for the maceration of onion tissues. 

The isolation of the enzyme in the latter case was made in the following 
way: 50 c.c. of the filtrate from each culture were treated with an equal 
volume of 95 per cent alcohol. The mixture was let to stand for 12 hours ; 
during this time a complete coagulation and precipitation of the enzyme 
was effected. The coagulated enzyme was recovered from the mixture by 
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filtration. Hardened filter paper^ was used for the purpose. The enzyme 
was then washed from the filter paper into a beaker with distilled water 
heated to 40° C. The acjucous solution of the enzyme in the beaker was made 
up to the original volume, viz., 50 c.c., by the addition of distilled water. 

BEHAVIOR OF FUSARIUM CROMYOPIITIIORON IN ONION DECOCTION 

The different cultures were inoculated by using si)orodochial macroco- 
nidia from a pure culture ot‘ F. cromyophthoron. Germination of the 
conidia took place in twenty-four hours and a fair growth of the fungus 
could be observed in the culture media on the fourth day. 

The changes in the initial pH of each particular culture, produced by 
F. croniyophthoron, were adjusted by means of reagents, .such as 0.2 normal 
IICl and KOII. The volume of the reagent employed for each culture rep- 
resents the extent of the changes brought about by the organism. Table 1 
contains the volume of the reagent added to each culture and readings of 
the initial and final pll. 

TABLE 1 . — Volume of adjufiiing reayenis required to neutralize the changes produced 
by F. cromyophihoron in the initial pH of the different cultures of series A, 

B, C, and J), and readings of the final pJl 


Initial pTI 
of series 

A, B, 0, D 

Series A 
Growth 7 days 

Series B 
Growth 15 days 

Series C 
Growth 22 days 

Series D 
Growth 29 days 

Fin. 

pH 

Reagent 
11 011 

Fin. 

pH 

B('agent 

11 on 

Fin. 

,.n 

Reagent 
H OH 

Fin. 

pll 

Reagent 
H OH 

3.2 

3.5 

0 

(» 

8.4 

12 

0 

3.0 

or, 

-0 

0 

.3.2 

28 

0 

4.0 

4.2 

4 

0 

4.0 

9 

0 

4.0 

12 

0 

4.0 

16 

0 

5.0 

5.2 

o 

0 

5.1 

5 

0 

5.0 

9 

0 

5.2 

32 

0 

6.0 

6.0 

0 

4 

6.2 

3 

2 

6.1 j 

6 

3 

6.0 

8 

5 

7.0 

7.0 

0 

10 

7.1 

0 

20 

7.1 

4 

22 

7.0 

5 

26 

7.5 

7.5 

0 

36 

7.5 

0 

33 

7.5 

2 

1 

35 

7.5 

30 

40 


Explanation of the Result }i in Table 1 

The re.sults indicate that F. cromyophthoron is capable of effecting a 
marked alteration in the H-ion concentration ot‘ the external medium, the 
direction of the change depending upon the initial pll of the medium em- 
ployed. The volume of the reagent used is an index of the amount of the 
changes produced by the fungus in each particular case. The seat of the 

1 The hardened hltcr paper was prepared by treating sheets of a 9 cm. filter paper 
with concentrated NaOH for two or three minutes, then washing it in distilled water until 
all traces of the OH-ion were removed. 
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direction of these changes, c./gr., the starting-point for an increase or de- 
crease in the H-ion concentration of the different cultures, lies near or at 
pH of 5.5. The changes in the initial pll of the cultures ranging between 
pH of 5.5 and 3.0 were probably produced in two ways : (1 ) by the reaction 
of the CO 2 of the fungus on the water of the culture solution, resulting in 
the formation of COg-ions, and (2) by the reaction of NHg released from 
the hydrolyzed proteins of the onion decoction, on the water of the culture 
solution, resulting in the formation of NH 4 -ions. The changes, on the other 
hand, in those cultures ranging in their H-ion concentration between pH 
of 5.5 and 7.5 were produced by a series of reverse reactions. The organism, 
like in the preceding case, released COo in the culture solution which react- 
ing with the water formed HCOg-ions. Various organic acids may also be 
formed from the sugars of the onion decoction by the organism and thus 
alter the initial pH of the culture solution. 

Another factor deserving consideration, in this connection, is the age 
of the culture. This factor is related directly, first, to the period of the 
utilization of the nutrient substance, and second, to the autolysis of the 
fungal mycelium. Both phases mentioned influence considerably the 
changes in the initial pH of the culture. The complete utilization of the 
nutrient substance may bring an ultimate stop to the metabolic activities 
of the organism. Autolysis being a kind of protein hydrolysis influences 
considerably the pH of the culture solution. The HCl added in the cul- 
tures o£ pH 7.0 and 7.5, of series C and D, was for the purpose of neu- 
tralizing the Nllg released from the autolyzing fungal mycelium. 

MACERATION OF VEOKTABI^ TISSUES 

The studies on the macerating action of extracellular pectinase were 
conducted by placing onion discs, one cm. in diameter and three to five mm. 
in thickness, in Erlenmeyer flasks containing 50 c.c. of the enzymic solution. 
20 c.c. of toluol were added in each flask to inhibit biological growth. The 
flasks were taken in an incubator at 28° C. Observations on the macerating 
action of the enzyme were made at 2, 3, 4, 7, 10, and 14-day-intervals. The 
maceration of the discs was estimated on a percentage basis ; maceration of 
the entire disc estimated at one hundred per cent, of the one half at fifty 
per cent, etc. 

The results on the maceration of the discs by the enzyme contained in 
the original filtrate are recorded in table 2 and those by the enzyme in the 
semi-purified condition in table 3. 

Explanation of the Results in Tables 2 and 3 

The results in both tables indicate quite definitely that the H-ion con- 
centration of the substratum and the age of the culture influence consid- 
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TABLE 2. — Percentage of maceration of onion discs hy extracellular pectinase contained in 
the filtrate obtained from culture solutions of F. cromyophthoron, grown at 
different pE and f r different periods 


Cultures 

Days 
discs 
were ex- 
amined 

Macerating action of extracellular pectinase contained : 
the filtrate of cultures of different pTI 

in 

Series 

Growth 

period 

pH 3.0 

pH 4.0 

pH 5.0 

pH 0.0 

pH 7.0 

pH 7.5 

Control 



2 

0 pet. 

0 ])ct. 

0 pet. 

0 pet. 

0 pet. 

Opet. 

0 pet. 

A 

7 

7 

0 pet. 

0 pet. 

0 i)ct. 

0 pet. 

0 pet. 

0 pet. 

0 pet. 



14 

0 pet. 

0 pet. 

0 pet. 

0 pet. 

0 pet. 

0 pi'.t. 

0 pet. 



3 

10 pet. 

10 pet. 

0 pet. 

20 pet. 

100 pet. 

0 pet. 

0 pet. 

B 

15 

7 

15 pet. 

15 pet. 

0 pet. 

35 pet. 

100 pet. 

0 pet. 

0 pet. 



10 

20 pet. 

25 pet. 

0 pet. 

50 pet. 

100 pet. 

0 pet. 

0 pet. 



3 

20 pet. 

25 pet. 

50 pet. 

5 pet. 

3 pet. 

0 pet. 

0 pet. 

C 

22 

4 

25 ])ct. 

50 pet. 

57 pet. 

10 pet. 

7 ])ct. 

0 pet. 

0 pet. 



7 

30 pet. 

100 pet. 

100 pet. 

15 pet. 

10 pet. 

0 pet. 

0 x>ct. 



3 

30 pet. 

75 jiet. 

100 pet. 

5 pet. 

3 pet. 

35 pet. 

0 pet. 

D 

29 

4 

40 jict. 

100 pet. 

100 pet. 

10 pet. 

7 pet. 

50 pet. 

0 pet. 



7 

50 pet. 

100 pet. 

100 pet. 

15 pet. 

10 pet. 

75 pet. 

1 

0 pet. 


TABLE 3. — -Percentage of maceration of onion discs by extracellular pectinase isolated from 
the filtrate in a semi-purified condition from culture solutions of F. cromyophthoron 
grown at different pE and for different periods 


Cultures 

Days 
discs 
were ex- 
amined 

Macerating action of extrac»ellular pectinase in a senii-j)iirificd condi- 
tion from cultures of F. cromyophthoron of a different pH 

Series 

Growth 

I)eriod 

pH 3.2 

pH 4.0 i 

1 

pH 5.0 

pH 6.0 

pH 7.0 

pH 7.5 

Control 



o 

0 pet. 

Opet. ! 

0 pet. 

0 pet. 

0 pet. 

0 pet. 

0 pet. 

A 

7 

7 

0 pet. 

Opet. ; 

0 pet. 

0 pet. 

0 pet. 

0 pet. 

0 pet. 



14 

0 pet. 

0 pet. 

Opet. 

0 pet. 

0 i)ct. 

0 pet. 

0 pet. 



3 

0 pet. 

0 pet. 

0 pet. 

2 pet. 

100 pet. 

0 pet. 

0 pet 

B 

15 

7 

0 pet. 

0 pet. 

0 pet. 

3 pet. 

100 pet. 

0 pet. 

0 pet. 



10 

0 pet. 

0 pet. 

0 pet. 

5 pet. 

100 pet. 

0 pet. 

0 pet. 



3 

0 pet. 

50 pet. 

75 pet. 

5 pet. 

0 pet. 

0 pet. 

0 pet. 

C 

22 

4 

0 pet. 

75 pet. 

100 pet. 

10 pet. 

0 pet. 

0 pet. 

0 pet. 

m 


7 

Opet. 

85 pet. 

100 pet. 

15 pet. 

0 pet. 

Opet. 

0 pet. 



3 

5 pet. 

25 i)ct. 

35 pet. 

2 i)ct. 

0 pet. 

5 pet. 

0 pet. 

D 

29 

4 

10 pet. 

35 pet. 

50 pet. 

4 pet. 

0 pet. 

10 pet. 

0 pet. 



7 

20 pet. 

50 pet. 

75 pet. 

5 pet. 

0 pet. 

20 pet. 

1 

0 pet. 


erably the formation and possibly the hydrolyzing action of the extracel- 
lular pectinase of F. cromyophthoron. It is obvious from both tables that 
the excretion of extracellular pectinase is favored at certain H-ion con- 
centrations and inhibited at certain others. High concentrations of hydro- 
gen and hydrozyl ions inhibit the excretion and possibly the formation of 
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extracellular pectinase, to a certain extent. The relatively diminished 
action of extracellular pectinase at pll of 6.0, shown practically in all 
series, is rather inexplicable. The writer is of the opinion that the peculiar 
behavior shown by the organism at this particular pH, e.g., the considerably 
reduced activity in changing the initial pH of the culture solution, is 
responsible for the diminished action of the enzyme at this pH. It may be 
that the irritation which is produced on the fungus by slight concentra- 
tions of hydrogen and hydroxyl ions, such as at pH of 4.0, 5, and 7.2, is 
the cause for the excretion of pectinase at a greater rate than at pll of 6.0. 

A comparative study of the results in tables 2 and 3 shows that the 
macerating action of the enzyme contained in the filtrate was greater than 
of that in the semi-purified condition. The difference in the activity is 
undoubtedly due to the loss of the enzyme incurred in the j^rocess of purifi- 
cation. 

HYDROLYSIS OF PURE PECTIN 

The method followed in the preceding experiment for the maceration 
of onion discs by extracellular pectinase in a semi-purified condition was 
also adapted for the hydrolysis of pure pectin. The ])ectin employed for 
the experiment was furnished by the Department of Food Products of the 
University of California and supposed to be free from reducing sugars. 
The quantity of this substance added in each flask, containing 50 c.c. oi* tlie 
enzymic solution, weighed 100 mgms. About 20 c.c. ot' toluol were added 
to the solution of each flask to keep it free from biological contamination 
and all the flasks were placed in an incubator at 28° C. 

The determination of the hydrolyzed pectin of each culture was made 
in the following manner: The solution, containing the enzyme plus the 
hydrolyzed and non-hydrolyzed pectin, was treated with H) c.c. of a 1 per 
cent solution of lead acetate. The Pb-ion coagulates and precifutates the 
enzyme and the non-hydrolyzed pectin and leaves in solution the hydro- 
lyzed pectin. The solution was heated to 80° C. and then filtered through a 
hardened filter paper. The filtrate was treated with 5 c.c. of a 2 per cent 
solution of NaoCOg to remove by precipitation the excess of tlie Pb-ions 
and then filtered for the second time. The filtrate, obtained from the second 
filtration, containing the hydrolyzed pectin wns treated according to the 
method of Munson and Walker for the determination of reducing sugars. 

The amount of reducing sugars, in terms of CugO, obtained by the action 
of extracellular pectinase on ])ure pectin are recorded in table 4. 

Encplanation of the Results in Table 4 

The results on the hydrolysis of pure pectin by pectinase, in table 4, 
do not differ essentially from those obtained in connection with the macera- 
tion of onion discs in tables 2 and 3. The weight of CugO, representing 
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TABLE 4. — Weight of Cu^O in milligrams expressing the amount of reducing sugars 
resulted from the hydrolysis of pectin hy the extracellular pectinase of 
F. cromyophtharon, from cultures of a different pW and age 


1 

Cultures 


Weight of OujO in mgms. representing reducing sugars re- 
sulted from the liydrolysis of 10 mgms. of pectin 
l)y pectinase in 5 days at 28° C. 

Series 

Age 

Sample 

Pectina.se obtained from cultures of different pH 

pH 3.2 

pH 4.0 

pll 5.0 

pH 6.0 

pH 7.0 

pH 7.5 



1 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

A 

7 

1 o 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 



3 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 

0.0000 



1 

1 

0.0000 

0.0000 

0.0000 

0.0000 

0.0148 

0.0080 

B 


2 

0.0000 

0.0040 

0.0000 

0.0000 

1 0.0146 

0.0072 



- 

0.0000 J 

0.0042 1 

0.0000 

0.0000 I 

0.0142 

0.0060 


1 

1 

0.0040 

0.0040 i 

0.0046 

0.0000 

0.0100 

0.0050 

C 

oo 

2 

0.0035 

0.0035 

0.0040 

0.0060 

0.0080 

0.0042 



, 

0.0030 

0.003O 

0.0036 

0.0030 

0.0060 

0.0036 



1 

0.0038 

0.0055 

0.0146 

0.0080 

0.0058 

0.0170 

1) 

29 

2 

0.0070 

0.0128 : 

0.0170 

0.0056 

0.0050 

0.0149 



3 

O.OOOO 

0.0088 

0.0150 

0.0046 

0.0030 

0.0160 


cormspoiulin" quantities of reducing sugars and indicating the extent of 
pectin hydrolysis, is analogous to the percentage of maceration expressed 
ill the iireeeding experiment. The behavior of pectinase, in its relation to 
the i)H and age of the culture, is the same in both experiments. 

There is no definite knowledge on the nature of the products obtained 
from the hydrolysis of pectin. Considerable experimentation ])roved that 
substances such as galactose, arabinose, methyl alcohol, and acetone may 
all be products of pectin hydrolysis. The writer obtained negative results 
in an experiment in which the presence of galactose in a solution of hydro- 
lyzed pectin was tested by the mucic acid method. 

GENERAT. DISCUSSION 

The behavior of F. cromyophilioron in its relation to the excretion of 
extracellular pectinase varied with the age of the culture and the Il-ion 
concentration of the substratum. The macerating action of extracellular 
pectinase of relatively young cultures, viz., seven days old, on onion discs 
and pure pectin was practically nil. This behavior may be explained in 
two different ways : first, that pectinase does not form in relatively young 
cultures, and second, that if it forms it is impervious to the cell walls of 
very young hyphae. The excretion of pectinase, constantly found asso- 
ciated with older cultures, is possibly due to the increased permeability 
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of very old and dead cells of the fungus. It is not known whether the 
permeability or impermeability of the cell membrane of young hyphao is 
related to any extent to the saprophytic or parasitic qualifications of an 
organism. 

The rapid release of pectinase at pH of 7.0 is possibly due to the proper- 
ties of the hydroxyl ion, while the slow release at pH of 5.0 and 4.0 to the 
properties of the hydrogen ion. According to Osterhout (7, 8) low con- 
centrations of hydrogen ions decrease the permeability of cell membranes, 
while concentrations of M .001 of NaOH increase it. The relatively small 
proportions of pectinase released at pll of 3.0 and 7.5 are due to the toxic 
properties of high concentrations of hydrogen and hydroxyl ions, which 
probably intercept the normal behavior of the organism. It is possible that 
the organism under adverse conditions may not form the same metabolic 
products which would otherwise under normal conditions. 

The chemical reactions taking place between the pectinase and its sub- 
stratum, e.g., the onion discs or the pectin, arc but sliglitlj^ understood. 
This is due undoubtedly to our meagre knowledge of the molecular con- 
stitution of both the enzyme and the pectin. The chemical nature of pectin 
has been studied by Fellenberg (3) who found that pectin hydrolyzes in 
the presence of a small excess of alkali. Tutin (11), in studying the prod- 
ucts of pectin hydrolysis obtained from the action of pectinase on peel in 
and from the action of alkalies found that in both cases methyl alcohol 
and acetone w^ere produced. Clay.ston, Norris and Schryver (2) state that 
pectin, unless highly purified, is not a single chemical substance but a mix- 
ture of such substances. They found that by treating pectin-containing- 
substances with a certain concentration of NaOH, methyl alcohol and some 
other substances resembling hemicelluloses in their reaction, named “cyto- 
pentans’^ for convenience, were produced. The alkaline extract containing 
the methyl alcohol and cytopentans did not hold in solution any pectic 
substances; the latter, could be extracted from the residues with warm 
ammonium oxalate solution followed with HCl, the acid precipitating the 
pectin in the solution. Therefore, the methyl alcohol and acetone obtained 
in the hydrolysis of pectin by Tutin, may not result from pure pectin but 
from other compounds. 


SUMMARY 

The pectinase of Fusarium cromyophthoron, contained in the filtrate 
obtained from liquid media of different H-ion concentrations and growth 
periods, was used for the maceration of onion discs and the hydrolysis of 
pure pectin. The enzyme was used, in certain experiments, in the condition 
it existed in the original filtrate, and in others, in a semi-purified condition. 
The macerating action of the enzyme was found to decrease with purifi- 
cation. 
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In relatively young cultures the action of extracellular pectinase was 
found to be nil. In older cultures the action of extracellular pectinase 
was detected practically in every culture. 

The amount of pectinase, measured by its action, secreted in the dif- 
ferent cultures varies with the age of the culture and the Il-ion concentra- 
tion of the substratum. The age of the culture, affecting the longevity of 
the cells, influences considerably the permeability or impermeability of the 
cells of the fungus to pectinase. The hydrogen and hydroxyl ions, like- 
wise, influence the rate of pectinase excretion. 

Reducing sugars were obtained from the hydrolysis of pectin by pec- 
tinase. Tests for galactose gave negative results. 
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A DISEASE ON AMARANTHS, CAUSED BY CIIOANEPHORA 
CUCURBITARUM (B. & RAV.) THAXTER 

B. T. Palm and S. C. J. Jo o he ms 
With Plate XXVIII 

Choanephora CucurbUarum (B. & Rav.) Thaxter has a wide distribution 
in the tropical and subtropical parts of the New and Old Worlds. Its 
occurrence in South America (Brazil) has been recorded by Mbller (1921) 
as Ch. americana Moller; its distribution in North America (U. S. A.) by 
Wolf (1917) ; and in Asia (British India) by Dastur (1920). As is well 
known, Ch, ciicurbitacearum not only lives saprophytically on rotting? plant 
material, but also causes characteristic diseases on a number of plants. 
It attacks living flowers of Hibiscus Rosa sinensis L. and of other members 
of the same family as well as of the Cucurbitaceae family (Mbller, Wolf) ; 
further it causes a not unimportant disease in the fruits of Cucurbita pepo 
(Wolf), and on species of Capsicum (Dastur). 

By reason of its interest from a phytopathological point of view, we 
wish to put on record here a new disease caused by Choanephora Cucur- 
bitarum in Sumatra, i.e., on Amaranius Blitum L. Two other species of 
Choanephora have recently been reported from the Dutch East Indies 
by Candrup (1923), viz., Ch, infundihnlifcra (Cunn.) Sacc, and Ch. 
dichotoma n. sp. ; the latter as yet without diagnosis. 

Amaranius Blitum. is not without importance as a substitute for Spinacia 
oleracea L. and Portulaca oleracca L., the culture of which apparently is 
difficult in tropical lowlands. This Amarantus — in the Malayan tongue 
‘^Bajam,’^ under which name it is known also to the Europeans here — is, 
however, not cultivated, but simply collected from lands lying fallow, 
where it grows in abundance. Like most weeds in Sumatra of relatively 
recent introduction, it is remarkably free from parasitic fungi; till now 
only Cyst opus Bllti has been observed. 

When visiting a tobacco estate, situated about 50 miles above sealevel, 
in May, 1923, we found some specimens of ‘‘bajam’' that showed an inter- 
esting disease. It is perhaps worth mentioning here that the locality was 
a shallow valley with a rivulet where the tobacco had died early in the 
season from a wilt disease (caused by Bacterium Solanacearum EP8) with 
the result that the usual growth of weeds had had an opportunity to develop 
luxuriantly. Half of the weed vegetation consisted of Amarantus Blitum; 
on closer inspection practically every *‘bajam^' plant, and indeed every 
branch, showed the disease. Later we found the disease in the entire 
tobacco district of the East coast of Sumatra, on different kinds of soil, 
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and at different heights above sealevel. Perhaps the abnormally high 
humidity (for this time of the year) that prevailed in June and July 
this year have contributed to its wide distribution. 

THE DISEASE 

The disease on the ‘‘bajam’’ shows more or less uniformly the following 
symptoms. Generally the young diseased branches show a rather sharp 
bend, at 5 to 10 cm. from the top of the shoot (Plate XXVIIT, fig. 1). Prom 
this point upw^ards and downwards the stem is blackened or of a dark 
brown color. In comparison with the undiseased portions, the stem is 
harder, but at the same time extremely brittle. The leaves, of the diseased 
parts generally hang limply, having lost their turgescence. The infected 
organs do not show the ^‘wet rot^^ that is said to be so characteristic of 
the Choanephora diseases of Cucurbit a pepo (Wolff) and Capsicum 
(Dastur). However,, a wet rot may be found during very humid weather, 
but in that case the Ch()anei)hora seems always to be accompanied by an 
undetermined species of Fusarium ; presumably the rotting is caused by 
the latter fungus. 

In the early morning hours newly diseased organs carry a heavy crop 
ot* the characteristic conidio])hores of Choanephora (Plate XXVIll, fig. 2). 
As alread}^ observed by (hinningham (1879) for Ch, in fund ibid if era 
(Cunn.) 8acc. and for our species by Moller, the conidal fructification 
develops only at night or during the earlier hours of the morning ; this we 
found also to be the case in Sumatra. Sporangial fructification was only 
relatively seldom met with on diseased parts. 

When diseased plants are collected at noon or later in the day, generally 
rather scanty traces of the Choanephora fructification are to be found. 
On the second or third day after infection has taken place there is seldom 
much, if anything, of the fungus to be seen, the diseased parts being prac- 
tically smooth, wfith the exception perhaps of portions of diseased leaves. 

It is said, that the infection in all diseases, caused by a Choanephora, 
starts in the newly opened flower. While this may be true also for the 
disease on Amarantus, we have not seen any evidence of such a mode of 
infection ; our observations tend to show that the fungus may enter through 
other organs as well. The following infection experiments will confirm this. 

As infection material we used a pure culture of (choanephora from 
Amarantus Blit uni, grown on boiled rice. This culture was the third reiso- 
lation from our first culture, also on boiled rice. 

Experiment I. Ten young ^‘bajam” plants were used for inoculation 
with a small tuft of sterile mycelium ; 5 specimens were slightly wounded 
by a scalpel (set A), the 5 others not injured (set B). Next day 2 sped- 
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mens of set A showed the typical symptoms of the disease over about 5 cm. 
of the stem (Plate XXVITI, fig. 3) ; after 2 days 2 more plants of the same 
set became diseased. Of set B no plants had signs of infection after 5 days. 

Experiment IL Nine young ‘‘bajam’’ plants were infected with a 
suspension of conidiospores from the above mentioned pure culture, care 
being taken not to wound the infected spot in any way; set A (5 plants) 
on the upper side of the leaf, set B (4 plants) on the underside of the leaf. 
In set B, after 2 days, 1 plant showed signs of the disease and after 3 days 
2 more plants succumbed ; set A showed no results from the infection. 

Experiment III. Here the underside of the leaves of 4 plants were 
infected, with small tufts of mycelium without wounding, the result was 
that after 2 days 1 plant was infected, after 3 more days all of the success- 
ful infections in these experiments resulted in the characteristic drooping 
of the diseased stems. These few experiments tend to^ show that slight 
wounding facilitates the infection, and further that an infection can as 
easily take place through the unwounded underside of a leaf. Precisely 
how the infecting mycelium penetrates, we did not ascertain. 

In two cases this disease was found on another species of Amarantus, 
A. spinosus L. In both instances the two Amarantus species were growing 
intertwined, causing direct contact between diseased i)ortions of A. Blihtm 
with leaves or branches of A. spinosus. The symptoms resembled closely 
those recorded for A. Blitnm. 

Not infrequently we found black spots on the young upper leaves of 
Synedrella nodi flora (Family Compositae) associated with a bending over 
of the branches (Plate XXVIII, fig. 4). In one case similar symptoms were 
found on leaves and branches of another species of the Compositae, Eleu- 
theranihera ruderalis L. The cause of the trouble was in both instances 
the Choanephora in question. 

However, Mbller has already found that in nature Ch. Cucurhitarum is 
not necessarily restricted to a living substratum; he recorded finding the 
fungus on rotting plant debris. Sometimes w^e have collected the conidial 
stage of a Choanephora that apparently belong to Ch. Cucurhitarum on 
dead or wilting stems of Phy satis sp. that had been uprooted when weeding 
the tobacco fields for the coming rice crop. Infection experiments were, 
however, not undertaken. 


THE CAUSATIVE FUNGUS 

All authors who have studied the species of Choanephora in their 
natural habitat agree that only conidiophores are developed; when taken 
into culture, the other fructifications are formed more or less constantly. 
On Amarantus Blitum, however, in a number of instances, well developed 
sporangiophores have been met with on diseased parts of the plant in the 
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field. They seem to occur by preference on older infections intermingled 
with the conidial fructification. In our cultures, we invariably got both 
kinds of fructification, the conidial one always developing first. 

These s])orangiophores are, so far as we have seen, shorter and stouter 
than the conidi ophores. They show the usual bend with its slight thick- 
ening beneath the sporangium, already noted by Moller. The darkly 
colored sporangia which thus are forced into a pendant position contain 
an average of about 100 spores. When breaking open, the sporangial wall 
generally splits into two halves, leaving at the base of the columella a 
plainly visible collar. Moller describes the sporangial wall as dark colored 
and finely sown with minute granulations; according to Dastur it should 
be smooth and colorless. For the species on Amarantus we found Moller’s 
description confirmed. The spores from the sporangia show quite the same 
measurements as the conidia, i.e.^ when compared with conidia from the 
same infected, area. It seems worth while to mention that sporangiopliores, 
])roduced in situ from parasitical mycelium in the plant regularly showed 
a somewhat onion -like swelling at the base, much in the same way as some 
Peronosporas and 8clerosporas. Moller has described a similar condition 
'for conidiophores developed on infected i)arts; he found, ho'wever, that 
no basal swellings devclopied from a mycelium in artificial cultures. Wolff 
(/.c., pi. So, fig. 1 ) also gives a figure of a sporangiophore, from a pure 
culture, without any ba.sal swelling. 

The si)ores from the sporangia are provided with the characteristic 
hyaline apj^endages of about the length of the spore, are non-striated and 
agree completely with the description given by Wolf for Choanephora 
Cucurhitnrum (B, andltav.) Thaxter. 

This is also the case with the conidia; i.e.y the dark violet color, the 
oblong form, the striation, the hyaline stump at the base as Avell as the 
size ; they measure from 14 to 25 g in length and from 8 to 12 g in diameter. 

In our cultures on boiled rice, ehlamydosporcs of various sizes and 
shapes were seen ; no zygosp3ore formation has taken place as yet. 

The shape of the columella is given as globular in all species. Moller 
(Z.c., p. 21) says: ''Bei alien auch ist eine kuglige Columella vorhanden,’’ 
Wolff and Dastur also agree on this point. Only Wolf pictures the colu- 
mella as globular, the drawings published by Moller and Dastur show the 
columella plainly pearshaped and twice as long as broad. In the Choane- 
phora on Amarantus the columella is rather variable in shape; from 
globular to pearshaped having been noted. The shape of the columella 
in the genus Mucor having been made the basis of classification, we have 
thought it useful to direct attention to this variability here. In view of 
the existing discrepancies between the different authors regarding size and 
form of the conidiophore in what is regarded as one species, a comparative 
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cultural study of the Choanephora from different sources should prove 
valuable in clearing? up definitely the value to be attached to the species- 
characters as present accepted for the genus Ohoanephora. 

LITERATURE CITED 

Cunningham, D. D. Ou the occurrence of eonidial fructifications in the Mucorini, illus- 
trated by Choanephora. Trans. Linn. Soc. Bot. London (ser. 2 6: 409-422, 
pi. 47. 1879. 

Dastur, J. F. Choanephora Oucurlutanim (B. & Rav.) Thaxter, on Chillies (Capsicum 
spp.). Ann. Bot. 34: 399-403, pi. xix. 1920. 

Gandrup, J. Onderzoekingen over het optreden van dufhoid in tabak. (Investigations 
on the occurrence of mustiness in tobacco.) Besookisch Proof station Meded. 
35. 1923. 

Molleu, a. Phycomyceten und Ascomyceten. Untersuchungcn aus Brasilicii. SI!) p., 
xi pi. Jena. 1921. 

WOLP, F. A. A squash disease caused by Choanephora Cucurbitarum. Jour. Agric. Bes. 
8: 319-327, pi. 85-87. 1917. 



Phytopathology, XIV 


Plate XXVIII 



CHOANEPHORA CITOURBITARTTM ON AMARANTHS 
Pig. 1. A speoimeu of Amarantus Blitum L. attacked by Choanephora Cucurhitarum 
(B. & Rav.) TJiaxtor, with characteristic symptoms. (Half natural size.) Fig. 2. 
Conidiophores of Choanephora on diseased branch. Pig. 3. One day-old artificial inocu- 
lation of young plant (A, Blitum; reduced size). Fig. 4. Diseased specimen of 
Synedrclla nodi flora L. (Half natural size.) * 




TYLENCIIUS DIPSACI KOHN ON NARCISSUS 

V 

C. E. Scott 

With Plate XXIX and Three Figures in the Text 
INTRODUCTION 

Narcissus bulbs have been successfully propagated on the Pacific Coast 
for a number of years. Commercial bulb growing in California is largely 
confined to the rather narrow section that comes under the modifying influ- 
ence of coastal climatic conditions. The planting of narcissus bulbs has 
been greatly increased during the past season and the industry is receiving 
more attention than it has in the past. One of the troubles to be feared by 
the grower is the injury caused by the bulb nematode, Tylenclins dipsaci 
Kiihn. This has been known as the '^old disease,” ''celworm disease of nar- 
cissus” and sometimes just as the ‘‘narcissus disease.” 

DESCRIPTION OF THE DISEASE 

Under the conditions in California during the past season it has been 
found that the nematode injury was most apparent in the leaves and flower 
stems after the end of the blossoming period. At this time the severely dis- 
eased plants ar(‘ much stunted, showing only half the leaf growth of healthy 
bulbs. These leaves are prostrate on the ground or nearly so, and in con- 
trast to the erect habit of healthy plants except in Paper White narcissus, 
the thin leaves of which have a natural tendency to mat down slightly after 
tliej" flower. The nematode causes a distortion of the leaves and stems. 
Such leaves may be twisted, with irregular margins, but the characteristic 
thickened specks or “spikkels,” as they are called in Holland literature, are 
always present. To distinguish these “spikkels” from other injuries that 
are often found in the fields, the leaves should be drawn between the fingers. 
Nematode spots have the feeling of a lump that is entirely in the tissues of 
the leaf or stem and never on the surface. The injury may be nearer one 
side of the leaf but can be felt from both surfaces. The tissue of the leaf 
over the center of the “spikkel” may dry out, crack and become brown in 
color. A light yellow area surrounds the small brown spot. The slightly 
yellowed prostrate leaves, twisted and with irregular margins, are searched 
for when inspecting bulb fields for Tylcnchus dipsaci. However, the thick- 
ened “spikkels” are the one positive evidence of the nematode disease. 

When bulbs bearing strongly injured leaves are cut across, the charac- 
teristic brown ring will be revealed. Early in the season the ring will be 
seen as a thin brown line. This represents the layer that was infested last 
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season and in which the nematodes were active while in storage. After 
planting bulbs that are in this condition, some nematodes make their way 
to the new leaves of such bulbs and sgme to the soil. This method of spread 
is clearly followed in plantings of bulbs in ground which has not been pre- 
viously planted to any variety of narcissus and where the bulbs have been 
in only during the current season. It is common to find one badly diseased 
plant and a half dozen plants on either side showing the leaf specks only. 
Figure 1 shows a group of Victoria narcissus in the same relative position 
as they were in the ground. The bulb in the center, bearing one small de- 
formed leaf was responsible for spreading the disease. The nematodes have 
infested the two bulbs on either side. The leaves of these plants are twisted, 
thickened and yellowed. The leaves on the other bulbs are nearly normal 
in length but were found to have numerous ‘ ‘ spikkels. ’ ^ Such local infesta- 
tions may extend to adjacent rows at a distance of fifteen or twenty inches. 
Sometimes the bulb that was responsible for such an infested area will have 
failed to make any top growth, but will have thrown out a few roots. All 
degrees of infested plants will be found up to those that have made a nearly 
normal top growth, but showing a few ‘ ^spikkels. ’ ’ 

INJURY TO THE BULB 

Upon examination of the bulb that shows severe injury in the top growth 
at the end of the season, one or more brown rings will be found. At first, 
the ring or part of the ring is but slightly discolored. As the nematodes 
increase by the invasion from diseased leaves and by reproduction, the 
brown color becomes distinctive. The diseased ring retains the normal 
thickness and the nematodes remain active in the tissue throughout the 
storage season. No evidence has been obtained to show that the nematode 
has the ability to pass from a diseased scale to a healthy scale adjacent to it. 
It is apparent that infection occurs only through the very young leaf as it 
pushes through the soil and the nematodes pass from that leaf to the corre- 
sponding leaf scale. However, it often happens that all the leaves of a 
bulb become so diseased that every scale is finally invaded. 

The presence of the nematode can be demonstrated in the field by using 
material from a diseased bulb. A bit of diseased tissue may be put in a 
drop of water on a piece of glass and examined with a hand lens. An inex- 
perienced person may readily see the active adults, and the eggs and larvae 
can be distinguished with but little trouble. Under favorable conditions the 
adults may be seen in the leaf tissue, with a hand lens, when a “spikkeU^ is 
broken, not cut across. Adults, larvae and eggs of Tylenckus dipsaci will 
be found to be numerous in the brown rings of diseased bulbs. They are 
present in great numbers even when only the slightest discoloration can be 
discerned. The nematode is not so abundant in the ‘‘spikkels’’ particularly 
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when they first appear. At that time it is common to find only a few adults 
in a characteristic ^‘spikkel.’^ Bulbs will commonly be found that have 
brown rings caused by insects or mites. These may be distinguished by 
examining a bit of the diseased tissue with the aid of the hand lens or noting 
the condition of the leaves with respect to ‘ ‘ spikkels. ’ ’ 

METHOD OF SPREAD 

The nematode disease has been found in stock that has been propagated 
in California for twelve years, as well as in bulbs growing there in their 
first season from Holland, on clean land. The bulb nematode was found to 
have spread to an alarming extent in fields that were left without digging for 
two or more years. Diseased spots in these fields extend for a greater dis- 
tance along the length of the rows than across the row^s. Some spots in- 
cluded t'wo or three rows and extended for a distance of four or five feet. 
One diseased area in a field of Paper White narcissus that had been in place 
for two years, covered five rows at the widest place and a distance of about 
thirty feet along two rows. This points to the hand cultivators as being an 
important ffictor in spreading the nematode in the field. It seems probable 
that the nematode would spread less rapidly where bulbs are grown in the 
Dutch bedding system. The weeding is necessarily done by hand and in- 
fested soil or diseased bulbs and leaves will not be so readily scattered. Most 
of the bulbs in California are grown in single rows about fifteen inches 
apart. This allows the use of hand operated cultivators and weed cutters. 

The source of infection of a field may be judged from the conditions of 
the ^^spikkels’’ and appearance of the bulbs wdien cut. Bulbs with severely 
twisted leaves, and showing one or more brown rings when cut during the 
early part of the growing season, were diseased when planted. Such bulbs 
become w^orthless and spread nematodes to the soil and other bulbs. When 
healthy bulbs are planted in infested soil or near diseased bulbs, nematodes 
invade the young leaves and produce “spikkels^' and slightly twisted leaves. 
Such bulbs will be free from brown rings during the early part of that 
growing sesaon. We have then three tyi)es of injury that will be found 
when diseased bulbs remain in the ground. This was seen in a field of 
Emperor narcissus that have been in place for twelve years. The bulbs 
were dead in the center of the infected area. This spot was borderd by a 
ring of plants which were stunted and dwarfed. Beyond this circle were 
the leaves of normal length but twisted and thickened. Prom this type the 
infection graded out to leaves bearing only one or two ‘‘spikkels^^ and with 
the bulbs showing no browm rings when cut (See figure 1). 

CONTROL 

For the control of the disease the first action that is recommended is the 
destruction of all diseased plants. Since the disease can be recognized best 
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in the growing plants, such work must be done in the field. When it occurs 
in a few scattered spots in the field it is practical to rogue out the plants 
that show nematode injury. On the other hand, the infestation may be so 
severe that the eradication of the diseased bulbs would not be practical. A 
method of treating diseased bulbs by immersion in water at a temperature 



Fig. 1. Victoria narcissus photographed in same relative position in which they 
grew in the field. The central bulb was diseased when planted. The nematode spread 
to the two adjacent bulbs which produced twisted leaves. The other bulbs produced 
leaves with spikkels, but normal in size and with no twisting. 

sufficient to kill the active nematodes and without injury to the bulbs has 
been developed in Holland and is used on the more valuable varieties. Van 
Slogteren^ has been successful in the use of water at 110-111° Fahrenheit 

1 Van Slogteren, E. De Nematoden-Bestrijding in de Bloembollenstreek. Wagen- 
ingen, 1920. 
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for three hours. This temperature is sufficient to kill the nematodes that 
have not dried out. As the bulbs stand in storage under dry atmospheric 
conditions some of the nematodes in the outer scales dry out and in that 
condition they are able to resist the temperature of 110° Fahrenheit. On 
this account the best time for treatment would be immediately after digging, 
but the greatest injury to the bulb from the hot-water treatment may result 
at that time. Our problem then is to determine how soon after digging can 
the bulb be safely given the treatment. 

Preliminary experiments made during the past season indicate the pos- 
sibility of developing a method that will give good control under our local 
climatic conditions. 

METHOD OP TREATMENT 

Two lots of bulbs consisting of 590 Paper White narcissus and 374 
Emperor daffodils were used in a test of the hot-water treatment on August 



Fig. 2. Drawiug of vat used for hot-water treatment of bulbs. Side view shows 
Cireulatingr propeller— “ B,'' Tube to direct the flow of water and maintain cir- 
culation in all parts of the vat — Electric heating elements (2) with capacity of 2.4 
kilowatts at 220 volts — Thermostat tulKJ — Removable screen bottom. End 
vi(‘w shows relative positions of heating elements, thermostat tube, circulating tube and 
V-shaped bottom whicli facilitates cleaning and draining. Capacity of vat is 17 cubic 
feet. Designed by 11. Stiner, California State Department of Agriculture. 

30th. The Paper Whites had been allowed to cure in the ground and then 
were dug on the 18th of June. The Emperors were grown under very dif- 
ferent climatic conditions, as they were not completely cured when removed 
from the ground about the first of August. Both varieties were stored 
under dry conditions until the time of treatment. The bulbs were sorted 
before treatment and all that were soft or damaged were discarded. They 
were further sorted according to size, the large bulbs ranging in weight 
from 20 to 70 grams, and the small bulbs, including splits, weighing from 
about 5 to 20 grams, were handled separately for one, two- or three-hour 
exposure to 110® Fahrenheit in warm water. 
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The water was heated by electric immersion units, thermostatically con- 
trolled and kept in vigorous circulation by a motor driven propeller in a 
vat measuring 62 inches long, 17 inches wide and 24 inches deep (Pig. 2). 
The water was maintained at a temperature of about 43.6°C. (110.5°F.) 
during the major part of the treatment, and varied between 43.2®C. 
(109.8°F.) and 43.8°C. (110.8°F.) Wire and wicker baskets measuring 
about one foot in diameter were used as containers. The bulbs were planted 
after treatment in unsterilized soil that was assumed to be free of Tylenchus 
dipsacL 

The green tops of the bulbs were inspected at the close of the flowering 
period for the presence of nematode injury. A tabulation was made which 
included the number of diseased plants, leaves and flower stems. These 
results are included in table 1. The degree of infestation was not recorded 
in this table. 



I'lG. 3. Emperor narcissus photographed at the end of the blossoming period. Box XIII 
untreated. Box XTV treated one hour. Box XV treated two hours. Box XVI 
treated three hours in hot w^ater at 110° Fahrenheit. 


From these results it is apparent that a record of the severity of infesta- 
tion after treatment is a better index of the effectiveness of the treament 
than the actual count of diseased leaves and flower stems indicate. This 
point is brought out both in the Paper Whites and Emperors. Box VIII 
(Table 1) had approximately the same number of diseased leaves as the 
untreated lots. But an examination of the Paper Whites toward the end of 
the growing season shows that the tops of the bulbs in Box XII are greener 
and more vigorous than the others. 

The treated Emperors show a decided reduction in the number of dis- 
eased leaves. The appearance of the growing plants point decidedly toward 
the effectiveness of hot-water treatment. The four boxes, XIII, XIY, XV 
and XVI are reproduced in figure 3, These boxes were examined on the 



TABLE 1 . — Results of hot water treatment on narcissus hulhs infested hy Tylechus dipsad 
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first of June and it was found that there were green tops on only four plants 
in Box XIII, five in Box XIV, twelve in Box XV and twenty in Box XVI. 
The diseased leaves had withered and died down prematurely. The ap- 
pearance of the untreated lot in Box XIII at this time are shown in plate 
XXIX, fig. E. Judging from the results obtained in these preliminary 
tests, we expect to get good control of the bulb nematode by treatment soon 
after digging. 

SUMMARY 

Tylenchus dipsaci Kiihn causes a serious disease of narcissi. Charac- 
teristic ^^spikkels” are formed in the leaves and flower stems which serve 
to identify the disease in the field. Severely infested leaves which are 
stunted and twisted die prematurely. The nematodes invade the bulb scales 
from the corresponding leaves and kill the tissue. When diseased bulbs 
are planted, nematodes make their way to the soil and to the young leaves 
as they push through the ground. Control measures that are recommended 
are the destruction of the diseased plants in the field and bulb treatment. 
Treatment of bulbs in hot-water at 110° Fahrenheit for three hours is the 
most promising method. Tests are being made to determine the period dur- 
ing which this treatment will be most effective, and will result in the mini- 
mum injury to the bulb. 

California State Dept. Agric. 

EXPLANATION OF PLATE XXIX 

Fig. A. Paper White bulb showing narrow brown ring encircling the old bulb and 
two new infections. The flower stem photographed dark but was not diseased. Fig. B. 
Paper White bulbs that were infected when planted. Fig. C. Severely diseased bulb that 
was probably free from nematodes when planted. Fig. D. Vertical section of Paper 
White bulb showing nematode ring extending to the bulb stem. A, B, C, and I) wore 
dug and photographed after the flowering period and while the leaves were still green. 
Fig. E. Emperor narcissus, untreated Box XIII. This shows the premature dying of 
leaves badly attacked by Tylcnchua dipsaci. Compare with figure 3, taken earlier in the 
season. 






THE PIIYTOPHTHORA DISEASE OP LILAC 


Helena L. 0. de Bkuyn 
With Six Figures in the Text 

INTRODUCTION 

In the years 1913 and 1919 much harm was done to the lilac culture in 
Aalsmeer by the funj^us Phyiophthora syringac Kleb. by killing the buds 
and parts of the branches of the lilacs being made ready for forcing in 
winter. It is only in this form, occurring from January to March, that any 
measurable harm is done to the plants. The buds situated under the dis- 
eased part develop normally. The result will be, that if some lower branches 
of ordinary lilac bushes are attacked during winter, the dead ones will soon 
be replaced by the new developing buds in spring. For the purpose of 
forcing it is a quite different thing. Only a dozen branches are left on a 
low stem and the plants are used for forcing from NoAxmber till April. 
The branches are long and thick and if either the buds and upper part or 
some other part is killed, the whole branch loses its value. 

In many years not a single diseased bud was to be found, in others only 
a few cases were observed, while in the two years mentioned above a real 
epidemic occurred causing great loss to the cultivators. 

The lilac trees are forced each second year, but even in the year they 
are not used for forcing they are pruned. If the Phytophthora should 
remain living in the stem, in any form whatever, the first part of the branch 
to be diseased should be that near the stem. The contrary is often the case, 
the upper parts being the first to show the disease. This and the fact that 
in most years diseased branches are totally absent, prove that each affected 
part corresponds with a new infection coming from outside. 

This research was undertaken to gather some more exact knowledge 
about the time when infection really takes place, thus hoping to find some 
means of preventing new epidemics. Since the beginning of the work 
in the spring of 1920, circumstances have not been favorable for the attack 
of the branches by the fungus. Not even a dozen diseased ones could be 
gathered during all those years. It was therefore impossible to test the 
theories by the facts in nature. Still it was thought advisable to publish 
the results as through the experiments and observations new facts were 
established which might make it possible to prevent in future the outbreak 
of a new epidemic. 
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Fio. 1. Syringa leaf affected with Fhytophthora syringae. 

Fig. 2. Bud inoculation. The three tipi)e3> buds arc killed. 

Fig. 3. The same branch as figure 2 a fortnight later. Buds of the third node 
developing normally. The disease makes no further advance after the buds start growth. 

Fig. 4. Dark affected leaf trace; the fungus remains alive here until it can enter 
the cortex. 
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SYMPTOMS OF THE DISEASE 

The occurrence of diseased lilac buds was first noticed by Klebahn (4) 
in 1905 in cultivations of forced lilacs near Hamburg. The fungus causing 
the disease was named by Klebahn (5) Phytophthora syringae. In this 
last paper he gives a full description of the outer symptoms of the diseased 
branches. 

Buds and cortex are killed, which is to be observed by the brown color- 
ing of both and by some shrinking of the cortex. When used for forcing, 
the non-development of the buds is another sign. Oospores may be present 
in tlie brown tissue of the bud scales as well as in that of the cortex and are 
distinctly visible after decolorizing the tissues wdth caustic potash. 

According to Klebahn the different varieties of lilac are attacked in 
different ways. Of some varieties the upper parts of the branches are 
mostly killed, while in otliers the lower internodes are especially affected. 
In this last case the normal development of the higher buds is often pre- 
vented, especially if the killing of the cortext has gone so far that girdling 
of the stem takes i)lacc, ])reventing the normal flow of sap. In some cases 
two or more places of infection on the same branch can be observed, two 
or more diseased brown parts of the branch being separated by a green 
healthy piece. For the varieties of lilac used in Holland the difference of 
attack was described by Sehoevers (10). Both authors, however, mention 
tliat the differences are not constant and that intermediate stages occur. 
Til rough the lack of oeeiirrenee of diseased branches in nature the difference 
of attack of the various varieties could not be studied by the writer nor its 
reason, which might be partly due to the different habitats of the lilac 
jilants. The different varieties show some more or less spreading of the 
branches and difference in length. 

It w’as, how^ever, found that Phytophthora syringae not only attacked 
tlio buds and branches of lilacs, but that the fungus can also affect the leaves. 
This form of the disease does not seem to have been observed by Klebahn. 
On the leaves the fungus causes brown xiatches, which are irregular in out- 
line, increasing gradually and occurring at any place independent of the 
nervature. (Fig. 1.) At the margin of the browm patch a lighter zone is 
observed. The color of the spots is distinctly brown, darker with the blue 
varieties, and always lacking the olive-green color, which is characteristic 
for the attack of Heterosporkim syringae Oud.^ (5). The affected leaves 
'were really found in nature even at different times of the year, but only 
after a certain period of moist weather. Phytophthora syringae could be 
easily isolated in pure culture from them. Lilac branches inoculated in 
winter with Phytophthora isolated from affected leaves showed the same 

1 According to Ariiaud (1) we have here to do with a Cladosporium and not with 
a Ileterosporitim, 
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symptoms as those inoculated with Phytophthora isolated from diseased 
branches. 

On affected leaves, still wet with dew, sporangia were observed, proving 
that sporangia do occur in nature. They are very short stalked and emerge 
singly or in small clusters through the stomata (Pig. 5) both on the upper 
and lower side of the leaf ; the majority, however, occurring on the lower 
side. They are not easily seen by the naked eye as a white haze, as is the 
case with Phytophthora infestans. In the inner part of the brown tissue of 
the leaves oospores were found. 



Fia. 5. Sporangia of Phytophthora syringae craorging from the stomata. 


GEOGRAPHIC DISTRIBUTION OP THE FUNGUS 

Berkeley (2) in 1881 describes, in the name of A. S. Wilson, the occur- 
rence of large brown patches on lilac leaves, naming the fungus causing 
these spots, Ovularia syrlngae. He figures sporangia emerging from the 
stomata. Smith (11) in 1883 describes the oospores of the same fungus 
and A. S. Wilson (14) in 188C the development and escape of the zoospores. 
G. W. Wilson (15) suggested already that Ovtdarm syringae Berk, is a 
synonym of Phytophthora syringae Kleb. Comparing the description of 
Berkeley of the patches on the lilac leaves and his figures with the forms 
found in nature, it is evident that Berkeley described the form of the dis- 
ease occurring on the leaves and that Ovularia syringae Berk, is the same as 
Phytophthora syringae Kleb. 

As already mentioned, Klebahn (4, 5) described the other form of the 
disease in 1905 and 1909, discovered near Hamburg, while the presence of 
the fungus in Holland was first made known by Schoevers (10) in 1913. 
In 1918 Arnaud (1) found Phytophthora syringae on lilacs in the garden 
of the Station de Pathologic v4g6tale in Paris. Lafferty and Pethybridge 
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(7) in 1922 state that the rot of a couple of apples in Ireland was due to 
Phytophthora syringae,^ They also mention having received formerly dis- 
eased lilac leaves suspected to be infested by the same fungus, but this 
could not be proved. 

It is thus established that Phytophthora syringae occurs in Great Britain 
and Ireland, Germany, Holland, and France. It is highly probable that 
the fungus will also be present in other countries, the casual occurrence of 
leaf spots being easily overlooked. 

In Holland it was proved by the presence of affected leaves that the 
fungus is not restricted to the lilac-growing centers for it was also detected 
in a garden where some isolated groups of lilacs were found. 

INOCULATION EXPERIMENTS 

Inoculation experiments were made to investigate the exact time of the 
year the fungus can live in the cortex, in which months buds will be sus- 
ceptible, and if affected leaves have something to do with the attack on the 
stem. Therefore experiments were made by inoculating either stem, buds 
or leaves. With only a very few exceptions all inoculations were made on 
the white variety, Marie Legraye, as the brown coloring of the buds is here 
much more easilj" detected than with the blue varieties with their dark 
violet bud scales. 


Stem Inoculations 

A w^ound was made with a sterile scalpel in the bark, a pure culture of 
fungus was inserted in the w’ound, 'which was then closed and covered. Con- 
trols were treated in the same manner, using only sterile media instead of 
a pure culture. They all remained healthy and will therefore not be men- 
tioned any more. 

The disease developed normally when the inoculation was made in 
winter, but in summer it had no result. In most cases the tissue in the im- 
mediate neighborhood of the inoculation, however, was killed and turned 
brown, and the presence of Phytophthora mycelium was often suspected, 
but only a very short piece of tissue was attacked, the rest remaining 
healthy. This killing of the tissue may be due to some toxic substance in 
the medium secreted by the fungus or the fungus may be able to start some 
growth in the wounded cortex, which, however, soon ceases as the normal 
growing tissues are reached. Therefore an inoculation was only counted as 
successful if the cortex was brown for a distance exceeding 3 cm. 

2 It may be worth while mentioning here, that the writer with inoculations of 
Phytophthora syringae y isolated from diseased lilac branches, on apples, pears, and sour 
cherries still hanging on the trees got a certain percentage of rotted fruit from which 
the fungus could be reisolated. 
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In table 1 are shown the results of inoculations experiments made in 
the different months. It is to be seen that during the resting period the cor- 
tex is most susceptible. As soon as new growth of the lilac starts in spring, 
the fungus does not seem able any more to live from the tissues of the host 
plant. In 1923 the cambium started its function in the beginning of April. 
In the end of March no new tissue was observed, while on April 14th a 
single row of large new vessels was already formed. 

The development of the fungus not only ceases as soon as the growth 
of the host plant starts, but the fungus seems even to die. In the diseased 
cortex and even in the small parts of killed tissue of the inoculations made 
in summer, oospores were found in quantity suggesting they might endure 
the unfavorable circumstances of summer; still never has any plant spread 
the disease in the following winter even when all the diseased branches 
were left on the stem, nor was it possible to reisolate the fungus in summer 
either from old diseased branches or from the small brown parts in the 
neighborhood of fresh inoculations. In winter, reisolations from diseased 
branches are very easily made. The few successful inoculations of July 
and August may be due to the fungus keeping alive till more favorable 
periods, perhaps in the form of oospores. The disease did not show on these 
branches till mid- winter. When the cambium stops growing is not known. 
Still its function will never be so strong in autumn as in the beginning of 

TABLE 1 . — Eesults of stem inoculation with Phytophthora syringae 


Month and year 
in which inoculations 
were made 

Number of 
inoculations 

Number of successful 
inoculations. 

Cortex being brown 
for more than 3 cm. 

Per cent 
successful 

Jan., 1923 

6 

6 

100 

Feb., 1921-23 

10 

5 

50 

March, 1921-23 

20 1 

11 

i 55 

April, 1921 

10 

1 

10 

May, 1920-21 

22 

0 

! 0 

June, 1921-22 

20 

13 

5 

July, 1920-21-22 

39 

2 

5 

Aug., 1921-22 

17 

2 

12 

Sept., 1920-21-22 

21 

14 

66 

Oct., 1921-22 

22 

22 

100 

Nov., 1920-21-22 

24 

24 i 

100 

Dee., 1922 

12 

1 

12 ! 

100 


a This tree was kept wet daily during 7 weeks. Of 5 inoculations only this one was 
successful, but the tree was in such an abnormal state, that the further course of the 
disease could not be followed. 
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spring. Therefore the fungus may perhaps keep alive during this time 
without yet being able to develop very much. This concerns also the inocu- 
lations made in September and October, as strong development of the fungus 
in the cortex only starts in December, as is demonstrated in table 2. 

Table 2 shows the increase in length of diseased cortex in the different 
months gathered from the results of bud inoculations as well as of stem 
inoculations. In general the rate of growth is rather slow. Development 
of some importance starts only in December; in January and February 
maximum of growth is reached, decreasing slowly till it stops in May. In 
spring the part of the stem between the developing buds and a higher 
situated diseased piece will not be in normal condition, not getting the 
normal flow of sap. Therefore the fungus will in that part still be able 
to develop. Thus it is quite comprehensible that some growth of an already 
diseased branch is still possible in April while new inoculations do not 
succeed any more, wli^ch is demonstrated by comparing tables 1 and 2. 
It was often observed in si)ring that the disease ceased to advance as soon 
as the fungus reached a node with developing buds. The abnormal condi- 
tions produced by being cut off from the normal flow of sap may also be 
the reason for the difference in growth in both directions, the development 
of the disease in the top ])art decreasing less in spring. 

The conclusion to be drawn from both tables is that Phytophthora syrin- 
gae can invade the living tissues of the cortex of the lilac stem from Decem- 
ber till April. 


TABLE 2 . — Increase in length of diseased cortex 


Month and year 
in which observations 
were made 

Increase in length 
of diseased cortex in 
direction of top 

Increase in length 
of diseased cortex in 
direction of stem 

Number of 
observations 

Average 
increase in 
length 

Number of 
observations 

Average 
increase in 
length 

Oct., 1920 

3 

0.0 cm. 

6 

0.1 cm. 

Nov., 1920-22 .. .. 

15 

0.1 cm. 

18 

0.2 cm. 

Dec., J920-22 

21 

1.9 cm. 

21 

1.2 cm. 

Jan., 1921-23 .. - 

11 

1.9 cm. 

38 

3.0 cm. 

Fob., 1921-23 

8 

3.0 cm. 

82 

3.1 cm. 

March, 1921-22-23 - .. .. 

11 

2.9 cm. 

131 

2.3 cm. 

April, 1921-22-23 

18 

1.9 cm. 

208 

1.0 cm. 

May, 1920-21-23 

10 

1.0 cm. 

27 

0.7 cm. 

June, 1920 . .. 

7 

0.5 cm. 

7 

0.1 cm. 

July, 1922 

5 

0.0 cm. 

5 

0.0 cm. 
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Bud Inoculations 

A series of bud inoculations was started in 1922, as preliminary experi- 
ments showed that, even as the cortex, the buds are not always susceptible 
to infection. Each fortnight a number of inoculations was made with the 
same strains of the fungus cultivated as much alike as possible. A piece 
of pure culture was brought between the bud scales. The 4 upper buds 
of 10 to 12 branches were inoculated at the same time. Thus the number 
of inoculations could be rather large, the drawback, however, was that the 
buds of one branch influenced each other to some extent. As, however, all 
branches were in the same condition, the results are (luite comparable, only 
the percentage, especially of the very first ones, is perhaps a little too high. 
At the same time three branches were used as controls, a piece of sterile 
medium being brought between the btid scales. All controls remained 
healthy. 

On many buds, brown spots were formed soon after the inoculation 
was made. These spots, however, did not always increase in size and the 
buds developed quite normally in spring. This spotting must be due to 
the substances formed by the fungus and present in the piece of medium 
used. To prove this, some cultures were heated for half an hour at 52° C. 
by which proceeding the fungus was killed. If a piece of this medium was 
used for inoculation, the majority of the buds showed the same brown spots 
and developed also quite normally in spring. 

If the inoculation was, however, successful, the brown spots increased 
in size, till the whole bud was killed and after some time the cortex under 
the bud was attacked as well (Figs. 2, 3). None of the buds were quite 
brown before December. Inoculations made in September, October, and 
November w^ere in December at the same stage; those of November even 
being distinctly in advance of those made earlier. Inoculations made 
after November showed the first brown bud after about five weeks. There- 
fore, it is highly probable that real susceptibility of the buds dates from 
the end of October, the successful inoculations of September and beginning 
of October being due to the fungus keeping alive between the bud scales. 

Table 3 gives the results of the bud inoculations, those of the preliminary 
experiments in 1921 are added as well. Figure 6 shows a graph of both. 
After the maximum of November and December the susceptibility de- 
creases gradually till it reaches a minimum in January, increasing again 
afterwards. This is followed by a new decrease till all susceptibility ceases 
with the development of the lilac buds. Both lines of the two years cor- 
respond rather well. The diminishing of susceptibility in January is not 
due to weather conditions, as may be thought, as in 1922-23 the temperature 
was rather regular during the whole winter, the first cold period occurring 
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TABLE 3 . — Bud inoculations with Phytophthora syringae 


Date on which 
inoculations 
were made 

1922-1923 


1920-1921 


Number 
of buds 
inoculated 

Diseased 

buds 

Per cent 
diseased 

Number 
of buds 
inoculated 

Diseased 

buds 

Per cent 
diseased 

8 Sept. . 

40 

0 

0 




22 Sept 

40 

20 

50 




6 Oct 

52 

30 

57 




20 Oct 

48 

44 

91 




3 Nov 

48 

48 

100 




17 Nov. . . 

48 

41 

85 




1 Dec 

48 

48 

100 




15 Dec. 

48 

36 

75 




29 Dec ' 

48 

34 

71 




30 Dec. .. 




16 

14 

87 

12 Jan. . . . ; 

48 

15 i 

31 




14 Jan. 


i 

1 

43 

28 

65 

20 Jan. . 

48 

; 33 

69 


t 


4 Fob 

i 



20 

I 1 

85 

9 Fol). . 

48 

29 

60 




18 Feb. 




20 

10 

50 

23 Fob 

48 

24 

50 i 


1 


8 March . 



1 

18 

3 j 

16 

9 March . 

48 1 

4 

8 


1 


18 Marcn 




22 

2 ! 

i 

9 


only in February. If a graph is made of the number of diseased buds 8 weeks 
after inoculation or of the augmentation of diseased buds recorded each 
week, the same kind of curve is the result. This indicates that it is the 
real internal condition of the buds which influences the development of 
the fungus and not external circumstances. 

The conclusion to be drawn from the bud inoculations is that lilac buds 
are more or less susceptible to infection of Phytophthora syringae from 
about the end of October till the end of February. This period corresponds 
with the time found by Versluys (12) for the rest period of the buds of 
Marie Legraye. 

The decrease of susceptibility in January may be attributed to some 
other cause. Larkum (9) states that lilac buds contain their maximum 
of starch in November, the quantity decreases till a minimum is reached 
in the midst of January. In the beginning of February the quantity of 
starch augments again till a new maximum is reached with the beginning 
of the development of the buds. This change in food corresponds with the 
greater or lesser susceptibility of the buds during winter months. The entire 
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Fig. 0. Beaults with bud inoculations at different seasons of the year. 

ceasing? of the development of the disease, as soon as growth of the host 
tissue starts, cannot, however, be attributed to this change of food as a new 
maximum of starch is recorded in March. This non-growing of the fungus 
in developing tissues is thus found in the buds as well as in the cortex, 
the earlier growth of the buds causing the siireading of the disease in the 
buds to cease at an earlier date. 

According to the theories of some authors, Lakoii (8), Klebs (6), tlic 
accumulation of assimilation products by inactivating enzymes is the cause 
of the rest period of plants, while growth is due to the enzymes regaining 
gradually their activity. Weber (13) thinks that the increased activity 
of enzymes in developing tissues is not the cause of growth but a secondary 
factor. However this may be, increased activity of enzymes in growing 
parts is also accepted by him. This increase may explain the fact that 
Phytophihora syringae cannot live in the growing tissues of the host plant. 
It must be supposed, then, that the enzymes present in the growing parts 
are reversed to the development of the fungus and that their partial or 
entire inactivity during the rest period only enables the parasite to develop. 

Leaf Inoculations 

For the inoculations of the leaf not -only the variety Marie Legraye was 
used, but also different seedlings. The best method proved to be to put a 
piece of pure culture on the leaf, covering it with sop^e moist cotton wool 
and keeping this together by rolling and binding the whole leaf. In this 
manner some 90 inoculations were made in August, September, and October 
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of difPereiit years, resultinj? in 89 diseased leaves. Controls were treated 
alike, a piece of sterile medium being used instead of the pure culture. They 
all kept healthy. Most of the affected leaves fell prematurely. This pre- 
mature dropping of the affected organ is a feature mentioned in many 
Phytophthora diseases. Of the 89 diseased leaves only 4 were still hanging 
on the stem a month after inoculation and only 1 remained on the tree 
longer than normal. 

To investigate if this premature dropping of the leaves will prevent 
the entrance of the fungus through the petiole into the stem, cultures were 
made of 34 petioles as soon as possible after the leaves dropped. Prom 4 
petioles Phytophthora syringae was isolated but only from some parts of 
tlic petiole, never from all. Still this indicates that with strong develop- 
ment of the fungus under favorable conditions the fungus may be able to 
enter from the petiole into the stem. Tlie following observation strengthens 
this opinion. The inoculated leaves were a source of new infections on the 
neighboring ones, the lower leaves especially being infected by the falling 
drops loaded with fungus spores which developed abundantly under the 
moist cotton wool. The result was that after some time not only the inocu- 
lated leaves but the majority of them, belonging to the trees used, were 
affected. It was on 5 branches of these plants that for the first time natural 
infection of the cortex and buds was observed in winter in the experimental 
plot. This indicates even where the special inoculations of leaves had no 
dii’cct results, to look to the affected leaves as the natural infection source 
of the branches in nature. 

A search was made in the autumn of 1923 for diseased leaves with brown 
petioles. Only a very few were discovered, in Aalsmeer as well as on the ex- 
perimental plot, which remained on the .stem for an abnormally long period. 
Their leaf traces differed from the normal ones through a dark violet color, 
while all the surrounding tissues W’erc quite healthy (Pig. 4). In this 
dark part mycelium was found. Isolations of the fungus were tried; they 
had no result in November, but in December from 7 of 8 colored leaf traces 
Phytophthora syringae was isolated, while in 10 normal green ones from 
the same branches no fungus was found. Two branches of this last plant 
grown under similar conditions were left on the stem and they were the 
only ones to show natural stem infection in 1924. It is thus proved that 
under special circumstances diseased leaves can be the cause of the attack 
on the stem. 


Anatomy 

Mycelium of Phytophthora syringae was present in the cortex between 
the green cells at a distance of 4 mm. from the brown part. The brown color 
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is thus not due to an action of the fungus in advance. The disease spreads 
along the cambium, then the inner layer of the cortex between the scleroid 
cells and cambium is attacked and then the outer layer. The distance, 
however, from the place .where only the cambium is affected to that where 
the whole cortex is brown, is on the average less than 1 cm. 

The presence of the mycelium is not restricted to the cortex but it was 
also discovered in the wood- vessels. In the wood it is mostly found near 
the cambium, sometimes extending further, once it was even present in the 
pith. The wood acquires a dark violet color, as has already been described 
for the leaf trace. To prove that it is really Phytophthora syringae and no 
secondary fungi which are present, cultures were made of the wood after 
removing very carefully all parts of the cortex and Phytophthora was 
isolated. 


DISCUSSION 

Klebahn (5) has already shown that stem inoculations are only possible 
after wounding and as the fungus can only live in the cortex during winter, 
it is not very probable that in nature stem infection takes jilace. An 
isolated case may be the result of wound infection, but it can never be the 
cause of an epidemic. 

It is more likely that buds arc the place of entrance of the fungus, still 
this disagrees with the facts known. In Aalsmeer in October, 1922, many 
affected leaves were found, proving that the fungus wm generally jiresent. 
November and December were very moist and the experiments showed that 
during these two months the buds are most susceptible, still not a single 
diseased branch was observed during the whole winter. If the buds are 
the place of infection, it is likely that the disease would be found more 
regularly, as buds are susceptible during the whole winter and on the 
average some moist period occurs during that time. 

As neither the stem nor the buds seem to be the place of infection, the 
affected leaves may still be the cause of the attack on the branch. As has 
been shown previously the mycelium may enter from the petiole into the 
stem in certain cases. At the moment of leaf dropping the fungus is not 
yet able to live in the cortex, but it stays in the leaf trace, its presence 
there being easily detected by the violet color of the tissues. The fungus 
keeps alive in the leaf trace till the condition of the cortex enables it to live 
from the cortex cells, which happens in December. From here it spreads 
attacking the buds from inside. If this really is the natural mode of infec- 
tion, the buds wiU not be killed until January. This corresponds with the 
known facts. In 1913 in Aalsmeer the diseased buds were not noticed till 
after January 1 and it was observed that the inner bud 'scales were often 
the first to acquire a brown color. If a plant harboring the fungus in its 
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leaf traces is used for forcing before January not a trace whatever of the 
disease will be found, as the experiments showed that the development of 
the fungus stops as soon as the tissues of the host plant starts growing. 

Also the occurrence of epidemics is easily explained by the leaves being 
the place of entrance of the fungus. The affected leaves have a tendency 
to drop prematurely, thus in normal cases no attack on the stem will take 
place, which corresponds with the entire absence of the disease in most 
years. It will only be under abnormal circumstances that the fungus will 
be able to enter into the stem from the petiole before the leaves drop. 
Investigations of the weather charts to see what conditions can have been 
the cause of special circumstances in 1912 and 1918, showed that in both 
years an abnormal rainfall was recorded in August and September. In 
1912 precipitation occurred on 37 days between August 1 and September 
10, while in 1918, of the 30 days of September 29 were rainy. This amount 
of moisture will probably enable the fungus to develop on the leaves to such 
an extent that the mycelium can enter the stem before leaf dropping. 
Besides it will also be favorable for the dissemination of the fungus as 
sporangia will be formed in great quantity on the diseased leaves. 

It has been shown previously (3) that Phytophthora syringae can 
easily grow in the soil as a saprophyte. This accounts for the fungus 
being generally present throughout the year. If abnormal rainfall occurs 
in some period other than August or September, it will also cause strong 
development of the fungus in the soil and consequently on the leaves, but 
it Avill never result in attack on the stem for the fungus wdll not Iteep alive 
in the cortex as the inoculation experiments have proved. 

Thus it is only under very special conditions, viz., abnormal rainfall in 
August or September, that Phytophthora syringae is becoming of economic 
importance. In general the fungus will be quite harmless, causing only the 
spotting and dropping of some leaves and if circumstances are not favor- 
able it will not become parasitic, but live only in saprophytic form. Thus 
it may be counted as one of the hemi-saprophytes. Its parasitism is neither 
very specialized as is demonstrated by the fact that lilacs and apples both 
are attacked. Also Klcbahn was able to infect other plants than lilacs. 
This scanty specialization of parasitism is a characteristic of many other 
species of Phytophthora, the majority of them attacking several host plants, 
belonging to quite different families. In this genus therefore care should 
be taken in using inoculation experiments to identify species. 

CONTROL OF THE DISEASE 

Measures for controlling the disease are only wanted in years when very 
abnormal rainfall occurs in August or September. The presence of a 
large number of affected leaves will indicate the danger of a future epidemic. 
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Even in those years control is only wanted for those plants which are to 
be forced after January. 

The only way to prevent the attack on the stem will be by removing 
the leaves before the fungus has entered the leaf trace through the petiole. 
The general method, used by the cultivators to produce leaf dropping, 
which is necessary for early forcing, by putting the plants in dark under 
cover, just favors the development of the disease. So the only way to 
remove the leaves will be through picking by hand. 

Bordeaux mixture also causes the leaves to drop but it may injure the 
buds to some extent at the same time, thus diminishing the value of the 
flowers. Experiments are still in progress with lime-sulphur, but no definite 
results are yet obtained. 


SUMMARY 

Phytophthora syringae not only attacks the buds and stem of lilacs but 
it also affects the leaves. 

Conditions present in growing tissues prevent the development of the 
fungus, thus it can only live in the cortex of the lilac from December till 
April, while buds are only susceptible from October till February. In 
nature, bud infection does not seem to take place. 

In general, affected leaves drop prematurely, under special circum- 
stances; however, the fungus is able to enter through the petiole into the 
stem. The natural attack on the stem and buds probably occurs in this 
way. The special conditions needed are abnormally plentiful rainfall in 
August or September. 

Control measures are only wanted in those years and only for lilacs to 
be forced after December. Picking of the leaves by hand is recommended. 

Instituut voor Phytopathologie, Wageningen, Holland, 
Laboratory for Mycology and Potato-Research 
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STANDARDIZING OF DEGENERATION DISEASES OF POTATO 


H. M. Quanjer 

One of the first needs in the study of the potato-diseases, which in former 
years were thrown together as ^^curP’ or were regarded as symptoms of 
degeneration, is the means of identifying each of them. Descriptions have 
been published for this purpose, illustrated by drawings (3) and water- 
colors (2), which give a clearer idea of their character than photographs. 
A collection of standard types is planted every year on the grounds of the 
writer ^s laboratory at Wageningen. The method of raising these ‘‘pure 
cultures’’ is the same as has been demonstrated during the International 
Conference for Phytopathology and Economic Entomology, Holland, 1923, 
by Dr. Oortwijn Botjes on the potato-selection farm at Oostwold-Oldambt 
for the raising of healthy strains of numerous potato-varieties. The Board 
of Agriculture has chosen this farm for this purpose, since no potatoes are 
grown in its vicinity and since the climate at Oostwold, on account of its 
situation near the North Sea, is not favorable for the spreading of the 
“degeneration diseases.” The method is based on three principles; Selec- 
tion, lifting in immature condition, and isolation. This selection farm is 
an example for improvement of potato culture in the whole country and at 
the same time supplies the disease-free plants for the laboratory at Wagen- 
ingen (1). 

The pure cultures of degeneration diseases are grown on the grounds 
near the writer’s laboratory, situated amidst meadows at great distance 
from other potato-fields and exposed to the west-winds, a situation which 
is less favorable to the spread of these diseases than a sheltered garden 
would be. Seven diseases of this group have been demonstrated in pure 
form, during the Conference ; there are more than seven, but in not all of 
them has the isolation in pure culture succeeded thus far. 

A great difficulty in this work is that of establishing whether a certain 
pathologic condition of some potato variety, with which one is not familiar, 
is new or due to the one or other of these diseases. 

It is a well-known fact that the symptoms of these maladies vary some- 
what on the different varieties. Some of them are more heavily attacked 
and seem to degenerate more rapidly than others. In some the yield 
decreases markedly to remain then at a minimum for a number of years ; 
in others failure to form any tubers and dying out of the line takes place 
in a couple of years ; in still others the decrease in yield is so small, that 
it is difficult to say whether it is due to the disease or to environmental 
conditions. 
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It would be wrong, however, to suppose that these differences are so great 
and so marked that what may be, for instance, mosaic in one variety is 
stipple-streak in another or that the various maladies of this group are one 
and the same disease on various varieties or even one and the same disease 
under different environmental conditions. When potato plants of the same 
varieties are infected with the various known virus diseases and kept under 
the same environmental conditions they will produce complexes of symp- 
toms that are decidedly distinct for each of the diseases and this distinction 
is constant, so long as the environmental conditions (temperature, moisture, 
and light) remain constant. The varietal difference of symptoms under 
consideration here is of another nature. All varieties infected with crinkle, 
for instance, show more or less typical crinkle symptoms, there arc varieties 
that might display these symptoms in a much more pronounced form so 
that some of them may begin to resemble some of the symptoms of stipple- 
streak. On the other hand, there are varieties which, when infected with 
crinkle, may show the symptoms of the disease in such a slight form that 
some of them begin to resemble some of the symptoms of mosaic. It is 
therefore an overlapping of symptoms and not a changing of symptoms. 
This overlapping of symptoms is shown graphically below as it actually 
takes place. 


1 

2 


7 

1 Aucuba mosaic 

1 1 Common mosaic 

i ^ 

1 Leafroll 


Intervenal mosaic 


MarginaHeaf^^ 

I Crinkle 


Overlapping takes place only between Nos. 2-6. The intervarietal 
infections are useful not only in studying the relative severity of the various 
diseases on the various varieties but also for identifying pathologic condi- 
tions of unknown varieties. The diagnosing of a given potato virus disease 
with certainty is possible in most cases, only when we transfer it to one or 
more potato varieties whose behavior towards all of these diseases is well 
known. For this reason the ‘‘pure cultures’* are kept growing in Wagen- 
ingen in some of the Dutch standard varieties. 
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METHODS OF STUDYING THE DEGENERATION DISEASES 

OP POTATO 


D. Atanasopt 

INTRODUCTION 

The work on the well-known problem of degeneration in the potato, 
Solanum tuheromm L, has made valuable contributions during the last ten 
years towards the better understanding and solution of this problem. Un- 
fortunately the complexity of the problem increases more and more with 
every new contribution towards its better understanding. 

The problem was comparatively easy when there was known but one 
degeneration disease of this plant or rather when all degeneration diseases 
were known as one disease under the name of curl (2). It became two 
times or actually three times as complicated when the original disease was 
segregated into mosaic and leaf roll, and by the time the original disease 
was segregated into seven or eight different degeneration diseases the diffi- 
culties of the plant pathologist became still greater. The probable inter- 
relation of some or all of these diseases to similar diseases of other plants 
and the actual existence of masked carriers of these diseases made the 
difficulties still greater. 

All of the above named difiSculties lay in the nature of things and while, 
in most cases, nothing can be done to les.sen them, everything should be done 
to avoid increasing them. This is what the great majority of workers on 
these diseases have apparently neglected to do : First of all they have failed 
to give us in most cases exact and full descriptions of the symptoms and 
development of the various diseases during their various stages as seen in 
a certain variety and under given environmental conditions. Most descrip- 
tions of such diseases are so short and incomplete that no one can ever 
recognize the disease by using the existing descriptions, while the great 
majority of the illustrations of such diseases are of no diagnostic value 
whatever. 

Most of the existing descriptions of such diseases are full of terms and 
expressions that have no distinct value for the reader. Unquestionably 
the authors of such terms associate certain diagnostic values with words 
like ‘‘dwarfing,’’ “wrinkling,” “streaking,” “browning,” “curly dwarf,” 
“rusty dwarf,” “yellow dwarf,” “mosaic dwarf,” “rugosity,” etc., but 
for the reader such words are meaningless because they are too broad and 
too general and because they are not suflBlcient in themselves to describe a 
whole complex of symptoms. What is still worse is that one author calls 
a certain disease “leaf roll,” another author speaks of the same disease as 
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‘4eaf curl;’’ one uses the name ‘‘streak,” the other the name “stipple- 
streak” for the same disease; one speaks of “crinkle,” the other of “rugose 
mosaic” and they both mean the same disease; one calls a certain disease 
“common mosaic,” a second calls it merely “mosaic,” while a third uses 
the name “mild mosaic” or “medium plus mosaic” for the same disease; 
one speaks of primary and secondary form, the other of current season or 
first and second season symptoms. 

The only result of this deplorable practice is that even the men working 
on this problem cannot understand each other’s writings, let alone those 
who are not familair with these diseases. 

It is really time for the various workers on this problem to come together 
to put an end to this chaotic and deplorable condition (15, p. 127, 128). 

The aim of this paper, while offering no fundamentally new facts and 
opening no principally new perspectives, will be to outline some methods 
and offer some suggestions which may help to simplify and speed up the 
work on the virus diseases of the potato plant. 

PRELIMINARY FIELD STUDIES AND COLIjEOTING OF MATERIAL 

The first thing in the studying of any or all of the degeneration dis- 
eases of the potato plant is to learn what a healthy, normal, and vigorous 
potato plant of given variety looks like. It is useless trying to study the 
degeneration diseases of this plant (17) without knowing what a disease- 
free plant should look like. 

The symptoms of most of the potato degeneration diseases vary con- 
siderably in the different varieties but they are constant on the same variety 
and under given climatic conditions. As a rule the varietal difference of 
symptoms consists on the one hand in a more pronounced, on the other 
hand in a less pronounced expression of the complex of symptoms accom- 
panying each disease. So that the same disease might bring about in the 
different varieties shades and degrees of a given complex of symptoms. 
And it is indeed possible that certain of the symptoms, but not all symptoms 
of a disease, might be entirely absent on some varieties and very pronounced 
in others. For instance, tubers of stipple-streak plants may show pro- 
nounced peridermal discolorations (1, p. 8) in some of the highly sus- 
ceptible varieties and no discolorations of the tubers whatever in other 
varieties. As a rule it can be said that the rapidly growing varieties with 
luxuriant, tender, and light colored foliage show more pronounced symp- 
toms than the hardy, slow growing, and late varieties do. It is therefore 
advisable for everyone to limit his work, at first at least, to one variety 
and preferably to a variety which has been already used successfully for 
such studies by former workers. As such varieties may be mentioned: 
Green Mountain, Paul Kruger (President), Bliss Triumph, Bravo, etc. 
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The variety known in Holland under the name ‘^Schotsche Muis’’ and in 
England under that of Victory, which is an unusually early potato, rapidly 
growing, early sprouting and highly susceptible for all kinds of diseases, 
will prove, in the WTiter's judgment, to be an excellent variety for studying 
the degeneration diseases of potato. 

In trying to get a general idea of the various types of degeneration 
diseases of the potato plant, it is absolutely necessary to limit one’s studies 
and observations exclusively to fields that are practically free from any 
degenerated plants. The better and the more luxuriant the condition of the 
plants and of the field in general, the greater is the chance that a portion 
of the few diseased plants will be in the primary stage of the disease. The 
newly infected i)lants in a first class field that have just got any of these 
diseases are much more apparent and the recognition of the diseased plants 
and the diagnosing of the disease is much easier than in a field where most 
of the i)lants are infected or otherwise injured. The slighter the symiitoms 
of the diseased j)lants are the more suited they are for further study, since 
in most cases their disease will prove to be pure, i.e., only one disease being 
present in eatdi infected plant. Such plants when standing far from any 
other diseased plants should be marked and watched for the further devel- 
opment of the disease and eventually for the collecting of material. Such 
plants have the size, general appearance, and vigor of the healthy plants 
and cannot be distinguished from a distance. They can be recognized only 
upon a close and careful examination. The symptoms of the degeneration 
diseases become apparent first in the young and rapidly growing tops of 
one of the shoots ; from the tojis they advance downwards in the shoot and 
then in the sister shoots of the same hill. 

Material, unless otherwise desired, should be collected or the plants dug 
out not before the symptoms have become distinctly visible in all shoots of 
a hill, but as soon as possible afterwards. If we get material or dig the 
plants at an earlier date as indicated above we arc apt to collect material 
and tubers which have not yet been reached by the virus, on the other hand 
if one should delay too long digging the plants or collecting living material, 
for instance for sap or for graft infections, the plants may be meanwhile 
infected by some of the other virus diseases. The harvested tubers should 
be washed carefully without injuring their periderm, dried, fumigated,^ to 
make sure that they are free from any insects, properly labeled, and stored. 
The washing is necessary because it enables us to see the effects of the 
disease on the tubers if such should be present, as they actually become ap- 
parent on some varieties (1, p. 12). 

1 Exposing the tubers for several hours to the fumes of nicotine extract (250 c.c. 
for every 40 of space) will kill most insects that may be present on the tubers. 
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It is in most cases not advisable to collect material from plants that are 
in an advanced stage of the disease, first because most of the degeneration 
diseases in their advanced stages exhibit symptoms which are common to 
most of them, and which are much less typical than the respective symptoms 
in their primary form, and secondly because such plants as have been ex- 
posed to contamination for many generations may carry more than one 
disease. 

There are at present no reliable methods for distinguishing, separating, 
and getting in pure condition the two or more diseases that may be present 
in the same plant, so that it is perfectly useless to experiment with such 
plants or tubers, which represent an unknown quantity. Those desiring to 
study combinations of degeneration diseases should self -infect healthy plants 
simultaneously with two or more of such diseases, instead of trying to 
analyze existing combinations of diseases. 

Fields to be used for the studying and selecting of virus diseases should 
never be sprayed, because this masks many of the disease-symptoms. Such 
fields should be as free from insect injuries as possible, especially from flea 
beetles (Epitrix sp.), Colorado beetles (Leptinoiarsa decemlineata Say)j 
aphids, etc. 

INFECTION EXPERIMENTS 

By far the greatest difficulties in this problem (outside of absence of 
visible pathogencs), lies in the somewhat longer incubation period of these 
diseases, under ordinary conditions and in the infection work. All this 
makes it necessary first to protect the inoculated plants from possible ex- 
ternal contamination by insects or possibly other agencies, which is very 
expensive, in some cases impossible and requires much work and time. In 
the second place, should the symptoms of the disease fail to appear during 
the first season the tubers of every inoculated plant must be planted the 
following year. This means an increase in work and expenses equal to 
from five to ten times those of the first season, since for every inoculated 
plant of the first year we shall have to attend to from five to ten plants 
during the second year. Should one begin with several hundred of plants 
in the first year, the following year their number will amount to several 
thousands and the further the work proceeds the greater this number will 
become, so that before long the work must naturally become less productive, 
the chance of error increases to far beyond the permissible, while the 
financing of the problem become an impossibility. On the other hand, the 
Very length of the experiments make their eventual results very doubtful, 
and not seldom the results may be not only negative but directly opposite 
to what they should be. It often happens that the plants infected with 
mosaic will develop leafroll in the second generation while their checks 
may show (for instance) mosaic symptoms. Schulz and Folsom (19, p. 65) 
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write also that ^'sometimes observations on the first generation in an experi- 
ment including the controls, are more valuable than those on the second 
generation.’^ When a certain experiment fails to give final results during 
the first season it is far better to repeat it the following year than to try to 
get results by growing further the progenies of the infected plant. 

All of the above difficulties would disappear automatically if it should 
be possible to modify the present methods of experimenting on these dis- 
eases in such a way that in all cases the infection-experiments could be 
completed during the same growing-period. This is not only possible but 
it ean be accomplished with great ease and requires negligible expenditure, 
while the chance of error is practically diminished to zero and the prob- 
ability of success becomes much greater. 

Before discussing the methods by which the above can be accomplished, 
it may not be out qf place to state that the old method of two-seasons-in- 
fection-experiraents has made possible the important discoveries concern- 
ing the nature of the degeneration diseases, which form the foundation of 
our present knowledge of said diseases. This method was originally worked 
out in Holland by Quanjer and Oortwijn Botjes, afterwards it has been 
used by Murphy and Wortley, by Schulz and Folsom, and the writer. 

Sprout Infection 

That some of the diseases under consideration can be transmitted to 
sprouted tubers with certainty and great ease in the shortest possible time 
and with 100 per cent of positive results has been experimentally estab- 
lished by Murphy (13, p. 178), Schulz and Folsom (19, p. 87 and 91), and 
by the writer (3). There is no reason why the rest of these disease^ could 
not be transmitted in same way. When infecting potato plants by means 
of sap, grafting or aphids, we can never be absolutely sure that the plant 
we are to infect is not already infected with the same or another disease, 
since absence of symptoms is in no case a guarantee that the plant is dis- 
ease-free and the control plants can never serve as such, because they as 
well as the inoculated plants might get infected at any moment during 
their comparatively long vegetative period, as has been already pointed out. 
This is especially evident from Schulz and Folsom’s last work on this sub- 
ject (19) where in some cases the infected plants remained healthy while 
the checks became infected. 

In most cases it is not possible to cage the inoculated and control plants 
so as to make absolutely sure that no infection from outside has taken place. 
This however can easily be accomplished if one works with sprouted tubers 
as it is possible to handle a tuber in such a way that it will never come 
into contact with insects. Moreover portions of the same tuber may serve 
as controls by forcing them beforehand, thus making it possible to ascertain 
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in advance whether the tubers to be used for the infection-experiments are 
disease-free or not, which can never be done with equal certainty when 
plants are used. 

Schulz and Folsom (19, p. 51), experimenting with flea beetles as prob- 
able mosaic carriers, had difficulties in keeping the experimental plants free 
from aphids; they write: ‘‘In spite of special precautions, potato aphids 
were introduced with the flea beetles into some cages,’’ “The difficulty 
with aphids is chiefly one of supplying the proper control conditions for 
inoculations on a large number of plants in the field” (19, p. 48). The 
certain exclusion or caging of aphids is a difficulty experienced by many 
workers. 

Still another disadvantage of plant infections is that when aphids are 
used as disease carriers they may produce on the plants distinct mottling, 
crinkling, and chlorosis even when non-yirulent, thus making impossible the 
interpretations of the presence or absence of certain symptoms. Besides this 
it necessitates the spraying or fumigating of the plants in order to free 
them from the insects if this becomes necessary. 

A. By aphids 

The most rational method of infecting sprouted tubers is by means of 
aphids. This has been done with potato-stipple-streak (3), mosaic (19), and 
leaf roll (13) ; it can be done as follows: 

The first thing needed is to Ksecurc a quantity of disease free aphids. 
In a very limited number of cases the writer obtained what proved to be 
disease-free aphids in the following way : 

A number of full-grown aphids taken from diseased or healthy plants 
were placed on the sprouts of a healthy tuber which was then placed in a 
glass jar. To prevent other insects from entering the jars it is necessary 
to tie up a cloth around the opening of the jars. The cloth should be so fine 
that even the smallest aphids should not be able to pass through it. Many 
workers use for such purposes ordinary cheesecloth, this is however far 
from being adequate. The writer has been using a much finer fabric 
having 20 meshes per one centimeter in both directions, the space between 
the meshes being 0.35 mm. and he has repeatedly observed that the smaller 
aphids did pass freely through such cloth and left the jars even when there 
were no other tubers or plants in the neighborhood to attract them. The 
space between the meshes should not be more than 0.2 mm. 

If the temperature of the room is not less than 18° C. new aphids are 
born at a quite rapid rate and when transferred immediately after their 
birth by means of a fine hair brush to the sprouts of a second healthy tuber, 
they proved to be free from any virus disease. Within two weeks the 
young aphids reach their full development and begin to propagate at an 
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astonishing rate, so that a few jars with sprouted tubers are sufficient to 
supply any quantity of aphids. The jars with aphids should be placed in 
the light. New jars with fresh tubers should be set every second or third 
month. Whether this method will give disease-free aphids in all cases and 
under all conditions is far from certain. The recording of this fact is 
worth the while in connection with McClintock and Smith's work on 
spinach mosaic, who showed that in the case of this disease even the 3d and 
4th generation aphids w^ere infectious. 

The aphids so obtained are then placed on the sprouts of infected tubers. 
So long as the minimum period needed for the aphids to become infectious 
after feeding on an infected plant or sprout is not known, the aphids should 
not be removed from the infected sprouts and used for infection experi- 
ments before they have spent ten days on the infected tubers or plants. 
After securing a reserve of virulent aphids a number of full-grown aphids 
(10-15) are transferred to the one half of one or more sprouted healthy 
tubers, which have been cut longitudinally in two pieces and i)laced in a 
glass jar, while the second half or halves, arc placed in a second glass jar. 

Both jars, w’ith and without aphids, are then placed for several weeks 
(6-8) in a room at a temperature of 20° C. to incubate. The room should 
be moderately moist and light. In this w^ay it is possible to bring a maxi- 
mum of inoculation into a minimum of plant cells, while the tender and 
growing sprout ofters ideal conditions for the multiplication of the virus. 
Should the jars have been kept in darkness, which is not desirable, they 
must be placed before planting in the sun light for several (10-15) days. 
This is necessary for the hardening and thickening of the sprouts, other- 
wise they are apt to fall off during the planting. In the case of stipple- 
streak and in some cases of crinkle the symptoms of the disease may become 
apjiarent on the tubers and the sprouts within 5-6 weeks. But an incuba- 
tion period of two months is to be preferred in most cases. The incubation 
of the tubers, as indicated above, is necessary for intensifying the infection. 
Tubers thus treated are fumigated to free them from the aphids and to- 
gether with their controls are then planted at a time and under conditions 
that are known to be favorable for the development of the respective disease.^ 
Care should be taken not to break off the sprouts. Such tubers, if only the 
soil temperature and moisture are favorable, will send shoots above the 
ground wuthin a very short time and usually much earlier than tubers 

2 Before we learn something more regarding the optimum temperatures of the 
various virus diseases it will be advisable to keep the pots with the infected tubers at 
18-20® C, A medium moisture of the air and a proper moisture of the soil, that will 
facilitate the rapid development of the plants, are also essential. In the absence of 
sufficient sunlight the plants grow very abnormally, which in turn precludes the appear- 
ance of typical symptoms. 
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planted without sprouts. The check tubers will form normal plants, be- 
cause even if they should have been infected after their planting in the 
held the time during which they have been exposed to infection has been 
too short for the development of any symptoms. The plants from the in- 
fected tubers on the other hand will show in most cases pronounced symp- 
toms of the secondary form of the disease, if only the temperature has not 
been too low. Herewith the particular experiment is definitely finished, 
within a minimum length of time, with no special expenses and work for 
caging of the plants and with a minimal chance of error or complications. 

Should it be desired to obtain plants also with the primary form of the 
disease in the case of stipple-streak or gradations between primary and 
secondary symptoms of the respective disease one needs only to lessen more 
or less the period of incubation or to plant the incubated tubers in cooler 
soil. 

An even better method of accomplishing this is by grafting a portion of 
a diseased tuber to the freshly cut half of a healthy tuber, tie them firmly 
together, let them stay for two days at room temperature, then plant them 
in pots. At first the shoots coming from the diseased half will be also 
diseased, those of the healthy tuber will remain healthy for some time and 
then show suddenly in their tops symptoms of primary infection. 

B. Sprout grafting 

Sprout grafting is not only much easier but it possesses all the advan- 
tages of the sprout infections and lacks all of the disadvantages of the 
infection of plants. 

Sprout grafting is possible even in cases where plant grafting is im- 
possible as in the case of stipple-streak : Most potato varieties when infected 
with stipple-streak wilt and die so soon that a grafted scion dies before the 
infection has passed into the grafted plant (1, p. 20). For sprout-graft 
infections it is necessary to place the infected tubers to sprout at a tempera- 
ture of about 20° C. If lower or higher temperature are used the prob- 
ability is not excluded that under certain conditions there may be formed 
sprouts that are free from the disease during a given period of time and 
may remain so if pren;iaturely detached from the mother tuber. Whether 
this actually can take place is not positively known, but some field observa- 
tions have suggested to the writer this possibility. The tubers of which 
sprouts have been grafted are placed for several days (10-15) in a moist 
chamber to facilitate the growing together of the graft and scions, they 
are then incubated at 20° C. for 5-6 weeks as described under sprout in- 
fection. Care should be taken that no insects come in contact with the 
tubers. The tubers should be kept in the light if possible for reasons 
already mentioned. 





1924] 


Atanasoff: Degeneration studies 


529 


C. Grafting of tubers 

Tuber-grafting?, first used by Quanjer (15), is as useful as sprout 
grafting, only that in this case much more infected material is needed. In 
the first case several infected tubers can supply us with a large number 
of sprouts during a period of several months, whereas in the second case 
one infected tuber can serve for not more than 2 or 3 tuber graftings. The 
grafted tubers well protected from insects are incubated as usual in light 
rooms at 20° 0. for 6-8 weeks, then planted if environmental conditions in 
the field are favorable. 

Plant Infection 

The results of plant graft infections are as instructive and as evident as 
the sprout infections are striking and should be used whenever possible, 
both as a check to other infection methods and as the only reliable method 
of infection where other methods may not be possible or are difficult as in 
late summer when tubers are no more available. 

By far tlic largest part ot the infection work done with the degeneration 
diseases of potatoes has been done with i)lants. Hence the greater popu- 
larity of this method. Here need only be emphasized the following two 
facts: The plants to be used for aphid, graft, or sap infections must be 
young, vigorous, and rapidly growing. Plants that are stunted, weak, of 
advanced age, slowly growing, or injured should never be used for infection 
experiments as very often they fail to show any symptoms. 

Of just as great importance are the environmental conditions under 
which the infected plants grow. The temperature should not be much be- 
low or above 20°, the soil not dry and the air humidity not too low. 
The infected plants should get as much sunlight as is possible, since only 
a normal development of the foliage will make possible the appearance and 
recognition of the symptoms. The infections should be made at such a 
period of the year that the plants can pass at least two full months in 
active and normal growing before the appearance of any symptoms of 
ripeness. 

Sap infections give better results when made on the leaves, preferably by 
leaf mutilation as used by Schulz and Folsom (19). 

A. Plant grafting 

When done early in the season with young and rapidly growing plants 
and under favorable environmental conditions the plant graftings also give 
final results during the same growing period. Next to the sprout infection 
method the plant grafting makes possible the transmission of a maximum 
of inoculum into the grafted plant. 

This method is especially adapted for interspecific transmission of virus 
diseases. The studying of interspecific relationships of the virus diseases 
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is of great scientific as well as of practical importance. Such studies will 
also throw light upon the problem of alternate hosts which might serve to 
perpetuate and spread these diseases. This method of infection, first de- 
scribed in 1916 (15), makes it possible to watch and follow up the advance- 
ment of the disease from the scion, first into the nearest standing growing 
point, then into the next standing branches of the same shoot and finally 
into the sister shoots. 

The freshly grafted plants must be kept for several days (6~7) in moist 
chambers, well supplied with light, to facilitate the growing together of the 
scion and the graft. 

B. Aphids 

The successful graft infections should be repeated with insects, since the 
possibility is not excluded that by the graft-method it may be possible to 
transmit in some cases a particular disease to a plant to which it is never 
transmitted in nature and even to produce distinct pathologic changes, in 
some cases resembling those of the natural host. In this connection it must 
be emphasized that none of the above methods of infection alone will be 
sufficient to establish the identity or difference of given virus diseases of 
different plants. Further investigations and finer methods, peculiar for 
each case, will be needed for settling such questions. 

Failure to produce any symptoms on the grafted plant is no proof that 
the virus present in the scion has not passed and spread throughout the 
same, since there are many known cases of the so-called ^^susceptible mask- 
ing'^ hosts or symptomless carriers (15, p. 132). The possibility of the 
existence of intermediate hosts (7, 19, p. 88) should also be borne in mind. 
It may be possible to transmit a certain virus disease to a certain plant 
only by transmitting it first through an intermediate host. 

For infections with aphids one should take several tuber-sprouts covered 
with aphids from the aphid stock-jar and place them on the tops of the 
caged healthy plant. If one transfers only the aphids one is apt to injure 
a larger percentage of the aphids. Less reliable for this purpose is the 
method used by Schulz and Folsom (19), which they call aphid dispersal, 
i,e., one healthy plant is caged with a diseased plant on which aphids 
are present. In this case the role of soil and other insects, which may pos- 
sibly circulate under this condition from plant to plant, is not excluded. 
So long as this subject has not been investigated thoroughly we have no 
right to suppose that the soil insects play a role in the transmission of such 
diseases. And indeed the writer has some circumstancial evidence that wire 
worms may play a part in the spreading of stipple-streak and possibly of 
other diseases. 
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increasing of the infected material 

Not seldom the infected material (tubers) of a certain disease or of a 
particular variety actually suited for further experimenting may be so 
limited that no work on any scale can be undertaken with such material. 
Under the present conditions such material has to be planted the following 
season with the hope of obtaining more tubers which is not always done; 
besides it takes a great deal of time. This can be done with a much greater 
certainty and in much shorter time by grafting portions of the infected 
tubers to large and healthy tubers of the desired variety. The piece of the 
infected tuber is tied firmly against a freshly cut surface of a large and 
healthy tuber. The grafted tubers are kept at a temperature of 20*" C. for 
6-8 weeks to incubate them thoroughly. After the incubation the tubers 
are thoroughly infected and can be used further as infection material. In 
this way it is possible to increase the material several times, since every one 
of the small diseased tubers will give 2-3 large tubers after the grafting. 
If desired, the newly infected tubers can be used further for the multiplica- 
tion of the diseased stock. The writer has used this method with the stipple- 
streak disease with great success. 

TIME OF FIELD PLANTINGS 

The potato can grow and develop a normal and very luxuriant growth 
at comparatively low tem})erature if only sufficient sunlight is present. 
Most of the virus diseases of this plant on the other hand require a much 
higher temperature for their development so that their development can not 
only be retarded but even com])letely suppressed by low temperatures which 
arc high enough to permit a normal development of the plants. Under such 
conditions one may obtain api)arently normal plants from positively in- 
fected tubers (1, p. 22), which continue to grow normally until after the 
coming of warmer weather. Meanwhile the jilants reach their full develop- 
ment, and as such usually fail to show any symptoms of the disease even 
after the rising of the temperature. The young leaves, on the other hand, 
show, after the rising of the temperature, no longer the secondary symptoms 
of the disease in question, as they should have done had the temperature 
been favorable for the disease, but the primary symptoms of same; thus 
giving us an entirely different result from what it would have been had the 
plants been grown from the very beginning at a temperature favorable also 
for the development of the disease. It is nothing unusual for such plants 
to form a large number of fully developed tubers, whereas at temperatures 
favorable also for the development of the disease, they may not form any 
tubers at all. 

Field plantings, therefore, should never be done at a time when the soil 
and air temperature are too low, that is, field plantings of infected material 
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should not be done too early in spring, and yet as early as possible, because 
a too late planting, as has been pointed in an earlier chapter, will increase 
the chance of outside contaminations and might thus decrease the value of 
the results. 

Instituut voor Phytopathology, 

Laboratorhjm for Mycology and Potato-Research, 
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PHYTOPATHOLOGICAL NOTES 


Institutions for Phytopathology and Economic Entomology in Hoi- 
land. — ^ITntil recently the Dutch Phytopatholo^ical Service was connected 
with the ‘^Institut voor Phytopathologies’ under the directorship of 
Prof. Kitzema Bos. The scientific work of the ‘‘Instituut” was by this 
arrangement seriously hindered. After the retiring of Prof. Ritzeina Bos, 
the service has got its own Director, Ir. N. van Poeteren, with headquarters 
at Wageningen, its task is inspection, advisory and extension-work. The 
task of the ‘ ‘ Instituut voor Phytopathology, ’ ’ which is a department of the 
University of Agriculture, Wageningen, is teaching and research. It has 
now three laboratories: in the original building the laboratory for ento- 
mology is now being equipped under the direction of Prof. W. Roepkc. A 
new building at Wageningen has been built for mycology and potato-re- 
search under the direction of Prof. II. M. Quanjer. The third laboratory, 
also newly built and equipped for flower-bulb research, situated at Lisse, 
amidst flower blub fields, is directed by Dr. van Slogteren. 

In the second of these laboratories the teaching is chiefly done by Prof. 
Quanjer, assisted by Miss J. II. H. v. d. Meer; research is the main work 
of Miss H. L. G. de Bruyn, Dr. D. Atanasoff, and Ir. S. J. Wellensiek, and 
a number of graduate students. About 15 acres of ground belongs to this 
laboratory ; besides the subsidized potato-selection farm of 120 acres, under 
the direction of Dr. Oortwijn Botjes, at Oostwold, Oldambt, the aim of 
which is to help the laboratory in growing healthy potato varieties for 
infection experiments (c.p., this No. of Phytopathology: ‘‘Standardizing of 
degeneration diseases of potato).” 

The Phytopathological Laboratory, “Willie Commelin Scholten,” the seat 
of the “Central Bureau voor Schimmelcultures, ” is an endowed institution 
for phytopathological research. It is directed by Prof. Johanna Wester- 
dijk, who also teaches phytopathology at the department of botany of the 
University of Utrecht. — II. M. Quanjer. 

Hosterman, Gustav, Noack, Martin. Lehrtuch der pUzparasitdren 
Pflanzenkrankheiten mit hesonderer Berucksichtigung der Krankheiten 
gdrtnerischer Kulturgewdchse, 271 pages, 104 text figures, 1903, Paul 
Parey, Berlin. Price M. 9. This volume is intended to fill the gap in the 
more general works of Frank, Sorauer and V. Tubeuf and is devoted more 
especially to the diseases of garden crops. The introductory matter on the 
classification of the important groups of fungi concerned: in disease is well 
written and helps the student to obtain certain necessary fundamentals for 
the special sections which follow. The practical considerations in the treat- 
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ment of the important pathogenic groups are clearly presented. A special 
and helpful feature of the book is a key to the more important fungi which 
cause disease in garden crops. The key is arranged according to the host 
plant and will be most helpful to the beginner. The illustrations are 
selected with considerable care to present the subject in hand. The volume 
should prove useful to all students of plant disease. — James It. Weir. 

Endoilm parasitica. Dans line communication faite a la serniere re- 
union de Cincinnati de V ^'American Phytopathological Society'' et repro- 
duite dans le numero de janvicr dernier de ce journal (vol. 14. No. 1, p. 52) 
M. Haven Metcalf a annonce la decouverte qu'il avait faite, en Belgique, a 
Bruges, du redoiitable End nth iu parasitica dii Chataignier. 

M. Marchal, Directour do la Station de Phytopath ologie a Gembloux me 
fait savoir, a ce sujet, qu'il s'est livre, avec la collaboration de M. Van 
Hove, chef du Service d ’ Inspection phytopathologique, a line enquete, a 
Bruges et dans les environs. 

11 resulle de lours recherches que le cas observe par leiir savant collegue 
arnericain devait etre un cas tout-a-fait isole car toute trace d’Endothia a 
actuellement disparn. 

Ils eoneluent de lour enquete que Ton pent encore eonsiderer, a I'heure 
actuelle, la Belgique et I'Europe comme indemnes de ce champignon. — II. M. 
Quanjer. 

Third Pan-American Scientific Congress Postponed. Notice has been 
received that the Third Pan-American Scientific Congress which was 
scheduled to commence November 16, 1924, has now been postponed to 
December 20. The reason given for this postponement is that more scien- 
tists will be able to attend during the latter part of December than during 
November. The period during which papers or summaries thereof, which 
do not exceed 1,500 words, will be received has been extended to November 1. 

Annual Meeting of the Amerkan Phyiopaihologkal Sockiy. — The So- 
ciety will hold its meetings at the Central High School, Washington, D. C., 
during the three day period December 30 to January 1. As usual this meet- 
ing is in conjunction with that of the American Association for the Ad- 
vancement of Science. In addition to the customary joint session with 
Section G the Society will meet with the Mycological Section of the Botani- 
cal Society of America for the presentation of papers of common interest. 
At least one session will be devoted to papers on pathological subjects ivhich 
are in the nature of finished pieces of research. The majority of the papers, 
however, will probably be presented to two or more groups of the Society 
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in simultaneous session. An attractive additional feature of the meetings 
this year will be the opportunity to visit the Department of Agriculture 
and other points of interest about Washington. The Phytopathologists’ 
Dinner with its entertainment program will take place on Thursday eve- 
ning, January 1. 

The New Ebbitt Hotel at 14th and P Streets will be the headquarters 
for the Society and for the Botanical Society of America. 

Laboratory facilities at Naples, Italy, Any biologists wishing to do 
laboratory work in Italy during 1925 should consider the facilities offered 
by the Stazione Zoologica at Naples. Because of a grant made to this sta- 
tion by the American Association for the Advancement of Science the asso- 
ciation is entitled to name the occupants for a 'Hable” at that station, 
where, according to the Director, Dr. Dohrn, arrangements have been made 
for work with plants as well as animals. 

Any American or Canadian biological worker is eligible and if there are 
any interested they should communicate with the permanent secretary of 
the American Association, Dr. B. E. Livingston, Smithsonian Institution 
Building, Washington, D. C. 

Personals, Dr. Caroline Rumbold, formerly in the office of Sugar Plant 
Investigations, Washington, D. C., is now in the office of Forest Pathology, 
Madison, Branch, Old Soils Building, Madison, Wisconsin. 

Dr. F. L. Stevens will attend the Pan-American Scientific Congress 
in Peru as a delegate from the University of Illinois, from the American 
Association for Advancement of Science, and from the American Phyto- 
pathological Society. 

Dr. L. W. Durrell, formerly assistant plant pathologist at the Iowa 
Agricultural Experiment Station, has been appointed head of the depart- 
ment of botany of the Colorado State Agricultural College. 
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PHYSIOLOGICAL SPECIALIZATION OF USTILAGO HORDEI 

James A. Earis^ 

With One Figure in the Text 

In a previous paper (1)1 have reported extensive experiments upon the 
factors influencing the infection of barley by the covered smut fungus 
(Ustilago hordei). In these experiments very high i)ercentages of infection 
were obtained over a wide range of soil temperature and acidity and at mois- 
tures ^vell within those usually existing when barley is planted in the field. 
Seed of Ilannchen barley was germinated in soils of two moistures (40 and 
50 per cent) and four pH reactions at six different temperatures from 
5° to 30° C. The averages of the two moistures and four pH values gave 
6.7 per cent infection at 5° C. ; 60.6 per cent at 10° ; 61.4 per cent at 15° ; 
53.9 per cent at 20° ; 35.7 per cent at 25° ; and 3.7 per cent at 30°. Still 
higlier percentages were secured when the soil temperature was varied. 

Considerable data were also given which could be explained only upon 
the basis that the covered smut fungus, Ustilago hordei (Pers.) K. & S., 
is made up of several biologic forms, a condition unsuspected in any of 
the cereal smuts until that time. Nepal barley was very susceptible to a 
collection of smut from a hooded nuda variety but immune to some other 
collections, while Ilannchen and Summit were resistant to the collection 
which infected Nepal but proved very susceptible to other smut collections. 
Nepal barley was very susceptible to a collection of smut from a hooded 
nuda variety but resistant to a collection of smut from California and one 
from Virginia. Summit barley w^as susceptible to the collection from 
California but somewhat resistant to the Virginia and nuda collections, 
while Texas Winter was susceptible to the Virginia collection but resistant 
to the California and Ilannchen collections. Ilannchen was very sus- 
ceptible to the collection upon Hannchen but was somewhat resistant to 
the other three. 

Since this is a matter of some economic importance as well as of con- 
siderable scientific interest, the studies have been continued and enlarged, 

3 Brooklyn Botanic Garden Contributions No. 40. 
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using both fall and spring varieties of barley and a number of collections 
of the covered smut. Using the collections of smut which have previously 
(1) indicated physiological specialization, and pure line seed of the host 
varieties which seemed differential in separating these forms, numerous ex- 
periments were carried out under both greenhouse and field conditions, 
with results as reported below. 

Series I — greenhouse experiments to determine the differential hosts 

FOR FOUR biologic FORMS OF THE COVERED SMUT OF BARLEY 
Pour varieties of barley were inoculated with the smut fungus from 
several sources and germinated under controlled soil conditions in order 
to determine which varieties were susceptible to various possible biologic 
forms. All seed used was pure line material selected from smut free rows 
of the previous season and was germinated in a neutral soil with a moisture 
content of 60% of its water holding capacity, in constant temperature 
tanks at 20° C. After the seedlings had passed through the infection 
period they were transplanted to the greenhouse benches and kept under 
favorable conditions for barley until maturity. The methods used were 
those previously reported (1) in considerable detail and will not be re- 
peated here. 

For the sake of brevity in expression the collections of smut which have 
shown consistent differences in their ability to infect certain varieties of 
barley are referred to by numbers. To this extent the results of the ex- 
periments are anticipated before the presentation of the data. 

The data secured in series I are summarized in table 1. 

The collections of smut previously reported as indicating physiological 
specialization again showed the same difference in their ability to infect 
the several hosts. Hannchen barley w^as susceptible to the smut originally 
collected on Hannchen, (here referred to as Form 1) but was very re- 
sistant to the other three collections. Nepal barley was suspectible only 
to the smut from H. nuda (Form IT) and Texas Winter to the Virginia smut 
(Form IV). Summit barley is susceptible not only to the smut collected 
in California (Form III), but also to Form I in a lesser degree. Form HI 
can readily be separated from Form I because Hannchen barley is resistant 
to the former. 

Series II — susceptibility of the differential hosts to five biologic 

FORMS OF THE COVERED SMUT OP BARLEY 
Tisdale (6) has recently reported that removal of the hulls is an effec- 
tive method of securing satisfactory infections in the covered smut of bar- 
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ley. It then became a matter of interest to see whether or not the removal 
of the hulls would give high infection in a variety inoculated with spores 
of a biologic form of the smut which does not infect it under normal con- 
ditions. For example, would Hannchen barley become infected by Forms 
II, III and IV if the hulls were removed? In order to determine this 
point, as well as to secure additional information concerning the susceptibil- 
ity of these differential hosts to the smut forms, a series of experiments 
was carried out in the temperature tanks and in the field. A fifth collec- 
tion of the smut, which had proved interesting in preliminary trials, was 
included in the.se experiments. It has proved readily distinguishable from 
the other known forms of the smut by infection tests, and, hence, is re- 
ferred to as Form V. 

Four varieties of spring barley were germinated in constant tempera- 
ture tanks at 10, 15 and 20 degrees centigrade, and after the seedlings had 
passed beyond the stage when infection is possible, they were transplanted 
to the field for maturing. The hulls were removed from duplicate sets of 
the hulled varieties (Hannchen and Summit) before inoculation and run 
simultaneously with the normal seed. Check field plantings were also 
made of all these varieties after they had been heavily inoculated with 
spores of each of the smut forms. Here again the hulls were i*emoved from 
the hulled varieties and a idanling made with such seed inoculated with 
each of the five forms of the fungus. 

The previous fall a planting had been made of Texas Winter barley 
inoculated by each of these fungous forms. The hulls had been removed 
from one hundred seeds of this variety before they were inoculated with 
spores of Form IV of the fungus. The Texas Winter barley was not in- 
cluded in the spring experiments because it will not mature satisfactorily 
in the spring when germinated at temperatures favorable to high infec- 
tions, as I have previously shown (1). 

The results of this series of experiments are given in table 2. 

The small numbers of plants matured in the field sowings of seed from 
which the hulls had been removed should be noted. Tisdale (6) also re- 
cords a poor stand with ‘‘dehulled^^ seed sown in the field and suggests 
that this was due to winter killing. A careful study of this difficulty was 
made with both winter and spring varieties, the details of which are re- 
ported in a later paragraph. 

The infection of Hannchen barley by Form I, when the seed was germi- 
nated in the temperature tanks and transplanted to the field, are very low. 
Such low infections have been the rule when winter barleys were germi- 
nated in the tanks and transplanted to the field in the fall. As indicated 
by Table 4, the explanation for this seems to be some peculiarity of the 
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T ABLE 2 . — Susceptibility of the differential hosts to five biologic forms of the covered smut of barley 
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subsequent growing conditions. While this variety was not infected by 
Form IV, it usually shows 1 or 2 per cent with that form (See table 1). 
The data are adequate and there seems to be no reasonable doubt that these 
smut forms are fundamentally different in their infection capacities. 

Series III — the influence op the date of planting upon the infection 
OF ECUR varieties OP WINTER BARLEY BY ECRMS 1, II, 

AND IV OP USTILAGO HORDEI 

Field plantings were made at w^eekly intervals from September 5, to 
October 25, 1923. Upon each planting date seed of each of four varieties 
of barley were inoculated with an excess of spores of each of the three 
forms of the fungus and then planted in 10 foot rows in the experiment 
field. Great care was taken to prevent mixture of the spores of the biologic 
forms. The seed grain had been harvested from smut free rows of the 1923 
crop, threshed by hand and inoculated. Over 75 per cent of the smut 
si)ores of all forms germinated in water and bouillon in 24 hours at room 
temperature, and practically all of the barley seed was viable in laboratory 
germination tests. 

Ilan.see Ilull-less is a nak(*(l, six row, awned, winter barley but is less 
winter hardy at Brooklyn than the other three varieties. While there was 
some winter killing in all rows of this variety, the last planting suffered 
most because the soil temjierature remained so low that the plants were but 
feebly established when the ground w’as frozen for the winter. Very few 
plants of the other three varieties, ail of which are hulled, six rowed, awned, 
winter barleys, were lost. In fact, during the three seasons that eighteen 
varieties of winter barley have been grown in the experiment field of the 
Brooklyn Botanic Garden, only two varieties, ix., Nakano wase and Ilansee 
Hull-less, have not been thoroughly winter hardy. 

The results of these experiments are recorded in table 3 and sum- 
marized in the graph, figure 1. 

It is very probable that the soil temperature at the last planting date 
was so low that it became the limiting factor in the infection by Biologic 
Form IV, since my previous work demonstrated that a soil temperature 
of 5° 0. practically prevented infection of Ilannchcn barley by Form I of 
this fungus. The results of this series of experiments make it quite clear 
that the four varieties of winter barley used are very resistant to Biologic 
Forms I and II, and that they are rather susceptible to Form IV. These 
relations are maintained throughout the varying conditions of soil moisture, 
temperature, etc., of the entire planting season for wunter barley in this 
locality. 
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DATES OF FLAMTliiO 

Fig. 1. Top — Soil thermograph records from September 5 to November 5, 1923, reduced to 
one fourth the original size by a pantograph. Bottom — Graph sJiowing the percent- 
ages of infection of four varieties of winter barley by Form IV of Ustilago hordci. 


The temperature and moisture records for the season also indicate that 
these factors greatly influenced the amount of infection by Form IV 
secured at the various seeding dates. The first planting was made in a dry 
soil, the second and third in a medium dry soil, the fourth in a soil with a 
moisture content between 60 and 70 per cent of the moisture holding capac- 
ity. The plantings for October 4, 11, and 18 were made in a soil with a 
moisture content of 40 to 50 per cent, while the last planting was made in 
a rather wet soil. The soil reaction is between pH 7 and 7.2. The soil 
temperature fluctuations are shown in the broken graph at the top of fig- 
ure 1. This graph was made by reducing the weekly soil thermograph 
records with a pantograph to one fourth of their actual size. All plant- 
ings were germinated at temperatures well within the range for high in- 
fection (10° C.~25° C.) except the last one made on October 25, which had 
not emerged before the soil temperature dropped to freezing. 

Considering the interaction of these factors and their probable result, 
these dates of planting experiments are entirely in accord with the results 
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of the controlled experiments previously reported (1). A certain amount 
of fluctuation in field plantings is inevitable due to unevenness of the soil, 
manuring, moisture distribution, etc. 

Series IV — the infli^ence of growth conditions subsequent to the 
infection period upon the development of covered smut 

To determine the influence of growth conditions subsequent to the in- 
fection period upon the development of this smut, two varieties of winter 
barley were inoculated wdth spores of Forms I, II and IV, as in series II, 
and then germinated in the temperature tank at 20*" C. in a neutral soil 
with a moisture content of 60 per cent of its moisture holding capacity. 
After these seedlings had passed beyond the stage where infection is no 
longer possible, they were divided at random and one half planted in the 
field, the other half in the greenhouse. That is, the conditions during the 
infection period were the same for both sets of plants and any marked 
differences in the amount of disease in the final crop must be due to in- 
fluences of growth after transplanting. The seeds were planted in the tank 
October 13 and the seedlings were transplanted to the field and greenhouse 
bench on October 20. The results are given in table 4. 

The barley in this series of ex])eriments was planted rather late to 
avoid the excessively high temperatures of the greenhouse. Because of 
this late ])lanting some of the seedlings in the field were lost. These results 
indicate that certain growing conditions after the infection period may 
have a great deal to do with the amount of covered smut appearing in the 
final crop. I have reported (1, series Hi) an experiment in which a num- 
ber of seedlings were germinated under the same environmental conditions 
and then divided, one half being matured in a neutral soil and the other 
half in a strongly acid soil. The plants grown in the acid soil were badly 
stunted, while the others made vigorous growth, yet there were no marked 
differences in the percentages of infection. Quite a different set of con- 
ditions were under consideration in the present experiment, however, and 
it would be difficult to say that either the set matured in the greenhouse 
or that grown in the field was the more vigorous. 

It is hard to determine just wdiat factors operated to prevent the de- 
velopment of Form IV of the fungus in the plants matured in the field. 
It is significant, however, to find that development of the smut may be 
inhibited after the fungus has penetrated the seedling of a susceptible host, 
as certainly must have been the case with Form IV of this fungus. The 
conditions presented in this experiment are very extreme. The plants 
matured in the greenhouse made uninterrupted growth while those in the 
field went through the winter ^^rest period as do all fall sown grains in 
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this climate. The possibility that the conditions of gjrowth of the hosts, 
after the smut has penetrated the seedling, may influence the percentage 
of disease in the crop may account for widely divergent results secured 
in different years, when the soil temperatures and moistures at seeding 
time would seem to be within ranges to give fairly consistent results. It 
should be pointed out that the reaction of barley varieties to such environ- 
mental changes may not be the same. The growth factors which operated 
to give very low infections in normal seed of Hannchen barley inoculated 
with Form I of the fungus as reported in the tank experiments of table 2, 
did not have a like effect upon Nepal barley inoculated with Form II. 
Our meager knowledge of the phenomena which may influence the develop- 
ment of the smut after the penetration of the seedling would seem to war- 
rant a series of studies of such problems under controlled light, moisture 
and temperature throughout the development of the host. 

Series V — the influence of removal of the hulls upon the 

INFECTION AND GROWTH OP BARLEY 

Seven varieties of winter barley, all more or less susceptible to Biologic 
Form IV of the fungus, were planted in 10 foot rows in the experiment 
field October 3, 1923. The hulls were removed from one hundred seeds of 
each variety, and they were heavily dusted with spores of Form IV of the 
fungus. A check row was treated in exactly the same manner, except that 
the hulls were not removed. These two lots of each variety were planted 
in adjacent rows. Duplicate seed lots of Hannclien inoculated with Form 
I, of Summit with Form III, and of Texas Winter with Form IV, were 
treated in a like manner except that they were germinated in a neutral 
soil at 6i} per cent of its moisture holding capacity and matured in the 
greenhouse. Only 75 seeds were used in each lot in these greenhouse ex- 
periments. The results are recorded in table 5. 

The results of this planting confirm those reported by Tisdale (6) upon 
the infection of winter barley by covered smut in that the percentages of 
infection were increased by removing the hulls from the seed before inocu- 
lation. Tisdale’s results were secured in the greenhouse, his field experi- 
ments having failed, *^due to almost complete winter-killing of plants from 
dehulled seed.” The numbers of plants in my field plantings (Table 5) 
were also greatly reduced when ‘‘dehulled” seed were used. By examina- 
tion of the rows from time to time it was learned that while practically 
all the seed from which the hulls had been removed germinated, only a 
small percentage was able to reach the soil surface. Those which did emerge 
from the soil were apparently as winter hardy as the adjacent row of nor- 
mal seed. In many cases such a barley plant is unable to reach the soil sur- 
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face and the young leaves grow for a time in a twisted, contorted manner, 
develop a sickly, yellowish-green color, but soon die. 

Those plants wdiich reach the surface in a reasonable length of time 
seem to develop normally. The first leaves are often thicker and in some 
cases the germination stages up to the development of the third leaf were 
more advanced in the seed from which the hulls had been removed than in 
the normal seed. This difficulty was largely overcome in the greenhouse 
plantings by germinating the seed in the temperature tank and upon trans- 
planting them, straightening out each seedling. This same method was 
used in series II but, even when this was done, some of the seedlings 
were lost. 

It should be emphasized, however, that in no case was I able to get 
higher infections under these conditions by removing the hulls from the 
seed of Hannchen barley (Tables 2 and 5) than I have previously reported 
(1) for this variety when the hulls were not removed but environmental 
conditions more favorable for the smut were used. The infections secured 
with Hannchen barley under the controlled conditions as reported in 
tables 1, 5 and G compare very favorably with those secured at the same 
soil temperature and acidity in my previous experiments. The removal 
of the hulls, while effective in securing high infections, creates favorable 
conditions for the smut which can readily be duplicated by other means, 
such as those described in my previous paper (1, page 204, tables 3 and 4). 

I have no doubt, however, that in farm practice injury to the hull over 
the seed embryo may play a part in the amount of loss from this barley 
smut. In fact, I have in^ceived field threshed barley Avith a considerable 
proportion of the seed as effectively dehulled by close threshing as could 
be done by hand. Using such grain for seed would not only increase the 
likelihood of smut loss, but the stand in the field would be much thinner 
than if uninjured grain were used. In my field plantings of seed with the 
hulls removed the latter loss Avas far greater than the smut loss (see 
table 5). 

environmental relations 

In a previous report (1) the influences of temperature and acidity at 
two soil moistures w^ere discussed. The character of the substrata during 
the period of infection, and wdder ranges of soil moistures have been made 
the basis for further experiments. 
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Series VI — the influence op the character op the substrata and their 

MOISTURE content DURING GERMINATION UPON THE INFECTION 
OP NEPAL AND HANNCIIEN BARLEY BY COVERED SMUT 

For this series of experiments, two varieties of barley with two forms 
of the fungus have been used. Nepal, a six-rowed, hooded, naked barley 
was inoculated with Form II and Hannchen, a two-rowed, awned, hulled 
barley was inoculated with Form I. These were germinated in the constant 
temperature tanks at 20° C. In one set of experiments a pure quartz sand, 
graded to pass through a 20 but not a 30 mesh sieve, was used, and in the 
other set a good rich potting soil was used. After the period of infection 
both sets of experiments were transplanted to the greenhouse bench. The 
results are recorded in table 6. 

In both varieties the percentages of infection were much lower when 
the seeds were germinated in the quartz sand than they were when tlie 
neutral potting soil was the medium. The lower moistures of the neutral 
soil were more favorable for infection than were the higher moistures, a 
condition noted in my previous report. Lower soil moistures were not used 
because the seeds would not germinate and higher soil moistures were 
omitted because of the difficulty of handling soil with a moisture content 
above 70 per cent of its water holding capacity. The low infections seciir(‘(l 
in the quartz sand are quite similar to results secured in extensive exj^eri- 
ments with covered smut upon both winter and spring varieties of barley 
when builders sand was used. On the other hand this same builders sand 
proved quite satisfactory for use with the smuts of oats and sorghum, as 
reported by Reed and Faris (4, 5). 

In view of the low percentages of w^heat bunt secured by Ileuser (2) 
in plots treated with nitrogen and complete fertilizers as compared with 
those secured in plots treated with phosphoric acid, potash and untreated, 
it would be interesting to carry out a series of experiments in which various 
nutrients were added to this quartz sand to determine the influence of dif- 
ferent fertilizer materials upon infection of barley by Usiilago hordei. 

Like soil temperature and soil acidity, the soil moisture range for high 
infection covers all the ordinary moisture conditions for field planting, 
as it is quite unlikely that barley would be planted in a soil as dry as 20 
per cent nor as wet as 70 per cent of its moisture holding capacity. 

Series VII — the influence op the hot water seed treatment prior to 

INOCULATION UPON THE PERCENTAGE OP SMUT IN THE CROP 

A quantity of seed of two varieties of barley, Haniichen and S. N. 349, 
a hooded, naked six-rowed variety, was presoaked in tap water for eight 
hours and then immersed for 13 minutes in water heated to 52® C. After 



TABLE 6 . — The influence of the character of the substrata and their moisture content during germination upon infection of Nepal and 
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thoroughly drying, the seed of Ilannchen was inoculated with Form I, and 
that of S. N. 349 with Form V of the fungus. Lots of untreated seed of 
each variety were likewise inoculated with the respective biologic forms. 
A row of treated seed was planted beside a row of untreated seed, and 
these plantings were repeated at five different places in the experiment 
field for each variety. All plantings were made the same day, April 5, 
1924. The results are summarized in table 7. 

The percentages of infection, based upon the totals, are so close that 
there is no indication that the seed treatment had any appreciable effect 
upon the amount of smut. A measured amount of seed was used in each 
row and the smaller number of plants which were matured in the treated 
rows indicates that there was some seed injury from the treatment. 

DISCUSSION AND CONCLUSIONS 

That the covered smut of barley is made up of several biologic forms, 
as suggested in my previous report (1), is here demonstrated beyond 
reasonable doubt, and the differential hosts for five forms of the fungus 
are given. I have referred to these biologic forms by a form number, thus 
adopting the method used by Dr. E. C. Btakman and his co-workers in 
differentiating the biologic forms in the cereal rusts. 

The infection relations of these five forms to their differential hosts 


may 

be summarized 

as follows: 





Seed 

No. 

Variety 

Form I 

Form II 

Foim III 

Form IV 

Form V 

66 

Nepal . 

E 

S 

R 

R 

S 

101 

HaTiTicheii . . . 

S 

R 

R 

R 

S 

181 

Summit .... 

S 

R 

S 

B 

S 

143 

Texas Winter 

R 

R 

R 

S 

B 


E = Kcsistant S = Susceptible 


Form I infects Hannchen and Summit, Form II infects Nepal, Form 
III infects Summit, Form IV infects Texas Winter and Form V infects 
Nepal, Hannchen and Summit. 

Each of these varieties has been inoculated with each smut form and 
germinated under a variety of environal conditions. Their resistance 
to forms, other than those to which they are listed as susceptible, has been 
maintained, thus demonstrating that the smut forms are biologically dif- 
ferent in their capacity to infect. 

The results of preliminary experiments, in which more than 100 varie- 
ties of barley were inoculated with smut collections from many localities, 
indicate that there exist still other biologic forms of this smut. More 
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experimental work is necessary before the relation of these probable forms 
to the differential hosts of the above five forms can be stated, however. 

In view of the finding? of biologic forms in the covered and loose smuts 
of oats which has been reported by Reed (3), and the above results with 
the covered smut of barley, it would seem quite likely that other smut 
fungi are specialized into biologic forms. Since some host varieties are 
susceptible to more than one biologic form of a fungus (t.e., Summit barley 
to Forms I, III and V), the possibility that smutted heads of such a variety 
collected in the field may contain a mixture of forms should not be over- 
looked in experimenting with this disease. It becomes very important to 
have not only authentic seed of the barley varieties, but also to know 
something of the host relations of the fungous material to be used, before 
extensive experiments with this disease are undertaken. A diligent search 
should also be made with other smut species in order to determine whether 
or not specialized races exist in them. 

ENVIRONMENTAL RELATIONS 

The date of planting experiments, in which four varieties of winter 
barley inoculated with Forms I, II and IV of the covered smut fungus and 
planted at weekly intervals during the fall of 1924, indicate that the soil 
conditions became more favorable for infection from early September to 
late October, at which time the cold soil temperatures became the limiting 
factor in infection with Form lY of the parasite. These barley varieties 
maintained their resistance to Forms I and II of the fungus at all of the 
various planting dates. 

There are considerable data in tables 2 and 4, which indicate that growth 
conditions after the infection period may have a very marked effect upon 
the percentage of smut which finally appears in the crop. 

The ‘^dehulling’^ of the seed, either by hand or by close threshing, may 
increase not only the likelihood of smut infection but may be a source of 
even greater loss because of a poor stand of barley. 

The character of the soil has proven to be of considerable importance 
in securing satisfactory infections with covered smut. Quartz and builders 
sand have been found poor substrata for securing high infections and in 
this respect this disease has proven quite different from the smuts of oats 
and sorghum reported by Reed and Faris (4, 5). 

The results of the moisture studies reported in table 5 indicate that 
high infections may be gotten over wide ranges of soil moisture. As 
pointed out previously (1), the final amount of disease appearing in the 
crop is the result of the interaction of many factors. The present results 
serve to emphasize that the factors limiting infection may be environal or 
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biologic and may exert their influence upon the parasite or the host or the 
parasite relation between the fungus and the host. 

The treatment of the seed grain by hot water before inoculation with 
the fungous spores, had no appreciable effect upon the percentage of smut 
secured in the field plantings reported in series VII. It would seem, 
therefore, that experimental results secured with seed treated by hot water 
would be comparable to results from smut free seed which had not been 
treated. 

The writer is indebted to Dr. G. M. Reed, Curator, Brooklyn Botanic 
Garden, for many valuable suggestions during the course of this work; 
and to l^rof. R. A. Harper, who generously permitted the use of some of 
his private grounds for carrying out the extensive preliminary experi- 
ments. 
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PATHOLOGIC HISTOLOGY OP APPLE BLOTCH 
E. F. Guba 

With Pijites XXX and XXXI and Five Figures in the Text 

The history of the Phyllosticta apple blotch, caused by Phyllosticta 
solitaria E. & E., began with collections of this disease by Underwood (7) 
from Crawfordsville, Indiana, in 1893, on the leaves of the native American 
crab apple {Pyrus coronaria L.) and by Clinton (1) from southern Illinois 
in 1902 on the fruit of the commercial apple {Pyrus Malus L.)- In 1920 
Roberts (3) presented a brief account of the pathologic histology of apple 
blotch cankers. To the knowledge of the writer this appears to be the only 
published account on this subject. The object of this paper is a further 
and more extensive consideration of the pathologic histology of this disease. 
The main results of the investigation, already published in abstract form, 
will appear in print subsequently. 

When this study was undertaken it was hoped to determine the mode of 
entrance of the fungus into the healthy tissues and the morbid changes in 
the tissues immediately following infection. Unfortunately, these points 
have not been solved by this study for reasons which may be briefly enumer- 
ated here. Spore production in culture of species of the genus Giiignardia, 
to which, no doubt, Phyllosticta solitaria belongs, appears to be a rare 
occurrence, this being decidedly so of Phyllosticta solitaria. In the absence 
of a supply of spores from pure culture, artificial inoculations of the host 
with spores from this source were not possible. Efforts were made to in- 
oculate the host with spores from apparently mature fruiting bodies ob- 
tained from lesions on the host but the spores from these sources when avail- 
able and when needed generally failed to germinate. Scott and Korer (5) 
(6) report having obtained successful artificial inoculation in the orchard 
with spores obtained from natural sources, but their results are open to 
criticism since the inoculated parts were exposed to natural infection and 
spores from pure culture were not used. Roberts (4), however, established 
the pathogenicity of the fungus with spores from pure culture. The 
accounts of his results are presented rather briefly without affording any 
definite conclusions regarding spore production in culture or regarding 
infection. No one has yet determined the manner in which infection 
takes place. The problem of spore production in culture and artificial 
infection with spores warrants investigation. In view of the writer’s 
failure to obtain artificial infection, certain points of interest in the patho- 
logic histology of the disease could not be determined. This account, there- 
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fore, is largely based on the gross histology of affected tissues as revealed 
in microscopic sections. 

IN THE TWIGS 

The anatomy of the normal bark of one year old apple twigs in trans- 
verse section reveals the cuticle, epidermis, cork layers, a compact, rather 
broad band of collenchyma of four tiers of cells and a loose spongy paren- 
chyma with many intercellular spaces (Plate XXX, fig. B). Strands of 
sclerenchyma are located deep in the spongy parenchyma, that is, in the 
pericj^clic region, and beyond Ihem are evident the medullary rays. Within 
the sclerenchyma and between it and the cambium is the phloem. Fre- 
quently in the young twigs individual strands of sclerenchyma are united 
to form an unbroken irregular sheath of sclerenchyma around the phloem 
and the terminations of the medullary rays. 

A transverse section through diseased bark reveals necrosis extending to 
a point midway between the e])idermis and the cambium. The diseased 
tissues are separated from the healthy, directly beneath the sclerenchyma, 



Fig. 1. A. Section through a leaf spot showing the central position of the pyc- 
nidium, the dead palisade cells hanging loosely from the collapsed epidermis, the mass of 
dead parenchyma cells around the vascular bundles, and the compact mass of living cells 
across the mesophyll at the vascular bimdle. B. Section through a canker on a water 
sprout showing the necrotic region on the outside, the cork cambium, and the dense under- 
lying region of small parenchyma cells (phelloderm). From material collected Novem- 
ber 10, 1919. 
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by a compact cork layer of two to three tiers of cells (Fig. 1, B), 
Directly outside of this cork cambium is a compact sheath of dark colored 
cells. The formation of periderm by the cork cambium occurs rapidly. 
Phellem production is limited to a few layers of cells while, to the inside, 
phelloderm production is very marked (Plate XXX, fig. A and C). Coinci- 
dent with the formation of periderm the cambium layer is stimulated in 
places to rapid formation of parenchyma (Plate XXX, fig. A) instead of 
normal phloem. The phelloderm is composed of small round cells arranged 
in compact radial columns (Fig. 1, B) and the medullary rays which extend 
out through the phelloderm to the cork cambium are distorted and composed 
of small cells. 

The mycelium is intercellular and generally present outside of the 
abscission layer and its development appears to be most extensive in the eol- 
lenchyma. The fungus does not come into contact with the phloem, medul- 
lary rays and cambium although these tissues appear to be markedly 
affected indirectly as the result of the necrosis of the outer cortex. Between 
the lower tiers of cells of the collenchyma and the outermost tiers of cells 
of the spongy parenchyma, small knots of mycelium are evident, these 
later developing into pycnidia or pycnoselerotia according as they are 
formed early or late in the season. 

In August and September when the new cankers first became evident 
and during the course of the following dormant season the diseased paren- 
chyma cells outside of the periderm still appear to be living. The growth 
of the cankers is to a large extent inhibited during the dormant season. 
Cracks are formed in the fall especially along the longer margins of the 
cankers, which in transverse section appear just outside the periderm (Plate 

XXX, fig. C). The growth of the fungus occurs actively again early in the 
spring and, as a result, the cells within the invaded region are killed. The 
presence of the protective layer and the complete isolation of the necrotic 
tissues, with the resulting exposure of these tissues to desiccation, probably 
also plays an important part in the death of the cells. 

New cankered areas appear along the margins of the old cankers. 
Whether the fungus is already present in the parenchyma beyond the cork 
cambium and merely continues its growth when favorable conditions permit 
or whether it penetrates the periderm and infects the healthy tissues beyond 
it early in the season has not been determined. In Illinois the growth of the 
fungus and the formation of new cankered areas appear to be most marked 
early in the spring and early in the fall. The necrosis of the outer cortex 
and the formation of cork cambium layers below the -sclerenchyma continue 
for some years. The cankered areas become rifted at the margins (Plate 

XXXI, fig. D) and by being marked with different shades of brown appear 
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distinct from other portions of the canker. The dead tissues are gradually 
exfoliated (Plate XXXI, fig. B) thus exposing the cork cells or phellem. The 
increase in the number of cells between the cork cambium and the cambium 
as the result of the activity of these meristematic tissues and their growth 
in size and differentiation continues until the wound is repaired. 

It is apparent from the foregoing account and the study of plate XXX, 
fig. A and figure 1, B that the fungus may be readily removed from the bark 
with a knife by cutting away all of the discolored tissues. This exposes 
the fresh healthy phloem between the abscission layer and the cambium and 
the rapid formation of new phloem by the cambium eventually repairs the 
wound. 


IN THE PEDICELS 

A transverse section of the cortex of a normal apple pedicel shows on 
the outside a thin cuticle, then a narrow epidermis, surmounting a much 
broader layer of collenchyma of about four to five tiers of cells and next 
spongy parenchyma of large cells and intercellular spaces. Beyond the 
parenchyma are regions of selerenchyma which are united more or less into 
broad irregular bands around the phloem and the terminating cells of the 
medullary rays. 

The pathologic histology of the pedicel in transverse section generally 
appears to be similar to that of the twigs (Fig. 2). The necrosis of the 
pedicel extends midway into the parenchyma. Here, however, the protective 
layer forms outside of the selerenchyma sheath rather than inside as was 
found to be the case in the twigs. The cells of the protective layer are 
commonly round or broad and elongate with truncate ends exposed to the 
necrotic area and their walls and contents are brown. There is no indica- 
tion of the fonnation of pliclloderm or of the presence of a cork cambium. 
It appears that individual cells of the sj)ongy parenchyma between the 
protective layer and the sheath of selerenchyma have divided to account for 
hyperplasia in this region. Outside of the protective layer the tissues are 
collapsed and desiccated. This layer prevents drying, afPords mechanical 
protection and hinders the invasion of the underlying parenchyma by the 
pathogene. 

The mycelium is generally distributed throughout the necrotic tissue 
although most extensively developed in the collenchyma where necrosis 
occurs at a more rapid rate than in the parenchyma directly beyond. 
Pycnidia are formed between the upper tiers of cells of the collenchyma 
or directly below the epidermis. 
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IN THE FRUIT 

The healthy apple when studied in transverse section shows a thick 
cuticle lying over an epidermis composed of irregular polygonal cells. 
Below the epidermis lies the hyi)odermis of about 4 to 5 tiers of cells. The 
ultimate branchlets of the vascular bundles approach the hypodermis. Be- 
yond, extending to the primary vascular bundles, is a much broader region 
of spongy parenchyma which with the hypodermis comprise the ‘‘cortex^’ 
or the outer pericarp. Ten primary vascular bundles lie in a circle about 
midway between the central cavity and the epidermis and mark the division 
between the cortex and the ‘‘pith^* or inner pericarp. The pith is com- 
paratively narrow, composed of sj)ongy parenchyma extending to the endo- 
carp. It is distinguishable from the cortex by the absence of vascular 
tissue and by the longer, narrower cells. 



Fig. 2. Section through an affected pedicel. The living and dead areas are sepa- 
rated by a definite protective layer of dark colored cells ; below in the parenchyma tissue 
and outside of the sclerenehyma the tissue is compact and composed of small irregular 
shaped cells. 

The different varieties of apples usually manifest different symptoms of 
apple blotch which may be classified according to their external appearance 
as : the pitted ; the blistered ; and the fringed blotch types. The lesions of 
the fringed blotch type are radiate and feathery with fringed margins. 
This type may be found on the Northwestern Greening, Maiden Blush, 
Yellow Transparent, and Duchess varieties. The pitted type is character- 
ized by sunken areas with definite and distinct borders; it appears to be 
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common on the Jonathan, Missouri Pippin, Ben Davis, Arkansas Black, 
and McAfee varieties. This type is excellently illustrated by Lewis (2). 
The fringed blotch type precedes or sometimes surrounds the pitted areas 
as they enlarge. The occurrence of deep rifts across the blotches appears 
to be common to the fringed blotch type. In contrast to the hard and 
superficial qualities of the lesions of the fringed type, the lesions of the 
pitted type are deeper and the tissue is soft although also dry. The early 
stages of apple blotch are usually all of the fringed type ; later as the fruit 
matures some portions become pitted while other portions remain distinctly 
feathery and spreading. The third type is manifested in the form of 
blisters with partly cracked margins. This type appears to be common on 
the May of Meyers and the Benoni. 

From a histological study of the affected tissues of apples exhibiting 
these types of blotch it appears that the reaction of the host cells to the 
invading fungus is responsible for differences in the symptoms. These 
different types of apple blotch appear to be quite characteristic of certain 
varieties. It seems logical to believe that they are the result of differences 
in the growth of the apple peculiar to the variety rather than of different 
strains of fungus. 


a. Fringed Type of Apple Blotch 

III the fringed type of apple blotch, necrovsis is confined to tlie epidermal 
and hypodermal cells. The spongy parenchyma cells directly beyond ap- 
parently are not affected. Growth of the apple below the affected portion 
is stunted while the tissues around the necrotic region continue growth and, 
as the result, create opposite stresses. The necrosis of the cells of this 
outer region of the fruit also unduly exposes the tissues to drying. As the 
result of these abnormal conditions cracks form across the surface of the 
blotch. The crack at first is broadly wedge-shaped and extends into the 
hyiiodermis. In tlie lower hjqiodermis the cells are brown and are arranged 
very compactly. In the spongy parenchyma broken cell walls and radially 
elongate cavities are evident and ultimately, the crack extends deep into 
the pith. The cells of the spongy parenchyma adjacent to the rifts become 
torn and radially elongate, and greatly distorted about the bundles. 

b. Blistered Type of Apple Blotch 

The lesion is quite superficial, confined to the hypodermis and epidermis 
and limited radially by the formation of distinct periderm directly below 
the hypodermis (Fig. 3). Directly outside of the periderm is a protective 
layer of compactly arranged round, dark colored cells. The abscission 
region inhibits the progress of the fungus radially into the spongy paren- 
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chyma, although tanpcentially the fungus grows slowly along the hypo- 
dermis causing necrosis of the cells. The raised blistered blotches result 
from active growth of the cork cambium, giving rise to a broad, compact 
mass of small cells, the phelloderm, arranged in radial columns. The 
amount of phellem produced is comparatively insignificant. The epidermis 
is sometimes broken at the margins of the blotches. As desiccation pro- 
gresses, the collapsed, discolored cells become more or less separated from 
the abscission layer. 



Fig. 3. Section through an apple affected with the blistered tyjie of apple blotch 
showing the distinct protective layer of largo, round, dark colored cells and the periderm 
layer dividing the living and dead tissues. The dense columnar arrangement of the colls 
of the phelloderm and their marked multiplication in number is very distinct of this 
typo of apple blotch. 


c. Pitted Type of Apple Blotch 

A marked contrast between the pitted type and the blistered type of 
apple blotch is indicated by the absence of a distinct abscission layer be- 
tween the dead and living tissues and in the presence of large cavities in 
the cortex directly beyond the hypodermis (Fig. 4), Necrosis extends deep 
into the cortex below the outer vascular bundles. The epidermal and hypo- 
dermal cells are collapsed, these tissues together forming a dense, collapsed, 
region. Below in the spongy parenchyma the cell walls are torn apart, and 
in the corners of the dead cells masses of starch grains are evident, their 
formation being the result of disease. 

The dead pitted region is sometimes definitely surrounded by normal 
spongy parenchyma, hypodermal and epidermal cells. Usually the pitted 
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area is surrounded by an area of blotch of the fringed type, in which case 
the hypoderrnis and the epidermis only are affected. The pitted region is 
dry but soft, due to the large open spaces in the cortex. 

The intercellular mycelium is extensively developed directly beyond the 
epidermis and extends loosely among the cells of the hypoderrnis and 
partly into the spongy parenchyma. It is entirely absent deep in the 
affected cortex. The pycnidia form directly below the epidermis and com- 
monly between the upper tiers of cells of the hypoderrnis. 



cliiiractcristic large, open cavities, the loose Broken coll walls in the spongy purencliyina, 
and starch grains in the cells of the affected region. The living and dead tissues are 
not separated by a protective layer. 

IN THE FOLUGE 

In the Blades 

The spots are sunken on the upper surface, and in transverse section 
the thickness of the leaf is reduced usually to about one-half of the normal 
(Pig. 1 A). The bundles seem to offer some obstruction to the progress of 
the fungus. The healthy and dead areas are usually separated by a com- 
pact mass of parenchyma cells reaching across the niesophyll, near a vascu- 
lar bundle. The usually solitary pycnidium occupies a central position on 
the upper surface of the spot (Plate XXXI, fig. A). 

The mycelium is intercellular and ramifies loosely among the palisade 
tissues and parenchyma cells. It appears to be most extensively developed 


566 


Phytopathology 


[VoL. 14 


below the upper epidermis from which strands extend among the cells of 
the mesophyll. Infection is followed by the development of a mass of 
mycelium directly below the epidermis and in the palisade tissue which 
leads to the formation of the pycnidium. As the pycnidium develops, the 
dead palisade cells are crushed and pushed aside and the epidermis" is 
raised and ruptured. The upper epidermal and palisade cells collapse as 
the fungus advances and later the cells of the spongy parenchyma and 
lower epidermis succumb. The palisade cells become distorted and hang 
loosely from 4he dead collapsed epidermis, while those of the spongy paren- 
chyma sei^arate, or are grouped in small masses about the vascular bundles. 
Occasionally, portions of the lower epidermis and spongy parenchyma fall 
away, exposing the palisade cells above. 



Fio. 5 . Section through a petiole showing the effect of the fungus upon the tissues, 
the dead outer region of the cortex, the abscission layer and tlie dense columnar arrange- 
ment of the parenchyma cells beneath where marked hyperplasia is evident. Strands of 
sclerenchyma have been puslaed out along the abscission layer. 


In the Petioles 

In the normal apple petiole, the epidermis surmounts a band of collen- 
chyma of two or three compact tiers of cells. Beyond the collenchyma lies 
a rather broad region of spongy parenchyma the latter bordering on the 
inside scattered strands of sclerenchyma and phloem. The larger termi- 
nating cells of the medullary rays are evident out beyond the phloem. 

The diseased region of the petiole is sunken and the surface becomes 
irregular, dry, and leathery (Pig. 5). In transverse section the epidermal 
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and collenchyma cells are collapsed. The dead cells are arranged com- 
pactly and distorted irregularly. In the spongy parenchyma, the collapse 
and distortion of the cells is also evident and the cell walls commonly are 
broken. The necrotic and living tissues of the cortex are definitely sepa- 
rated at a point about midway between the epidermis and the pericycle. 
The abscission region is sometimes interrupted by strands of sclerenchyma. 
Here as in the pedicel the protective layer is formed at some distance out- 
side of the sclerenchyma. Underlying the abscission region, in places the 
cork cambium has given rise to a dense region of parenchyma of small, 
uniform-sized cells, the phelloderm, arranged in compact, radical layers. 
In other places the division of the parenchyma cells of the pericycle is evi- 
dent and appears to account for the presence of strands of sclerenchyma out 
in the abscission region (Fig. 5). The host is unable to resist the progress 
of the fungus tangentiallj'' and as the result, the epidermis, eollenchjTiia and 
outer ])arenchyma may undergo necrosis in this direction until the petiole 
is girdled. Usually the medullary rays and the vascular elements are in- 
tluenced by the changes which take place in consequence of which they 
become somewhat asymmetrically arranged. The same general changes 
accompany the necrosis of the mid-veins of the leaves (Plate XXXI, fig. C). 
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DESt'RIPTION OF PLATES 
Plate XXX 

Fio. A. Photomicrograph of section through a canker from a w’ater sprout showing 
the marked response of the cambium to the presence of the fungus. The dense protective 
layer is apparent directly below the strands of sclerenchyma. From material collected 
PecemlKJT, 1920. 

Fio. B. Section through a water sprout showing the arrangement and construction 
of the normal tissues. From material collected November 20, 1919. 



568 


PhYTOFATHOI-iOGY 


[VoL. 14 


Fio. G. Photomicrograph of section through a canker at the margin showing the 
wedge-shaped crack directly outside of the periderm. The cork cambium and phelloderm 
are very much in evidence. From material collected December, 1920. 

Plate XXXI 

Fig. a. Enlarged view of a portion of an apple leaf affected with P. solituria show- 
ing the central position of the usually solitary pycnidium on pale spots of definite sizes 
and shapes. 

Fig. B. Photomicrograph of a section through a spur canker from a three-year-old 
twig collected June 2, 1921. The dead cankered area is almost exfoliated and tlie peri- 
derm layer below, formed in the season when infection occurred, has eventually become 
exposed. 

Fig. C. Photomicrograph of a section through an affected mid-vein of an apple 
leaf showing the sunken irregular surface of the lesion, the abscission layer between 
healthy and diseased areas, and the compact columnar arrangement of small parenchyma 
colls beneath. 

Fig. D. Apple blotch canker on seven-year-old branch of a Duchess apple tree. 
Exfoliation of the canker is almost complete yet the fungus still persists in the margin. 
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PATHOLOGIC HISTOLOGY OF APPLE BLOTCH 






CONTROLLING ONION SMUT WITH KALIMAT 


P. J. Andeeson 

The use of formaldehyde in controlling onion smut is attended by the 
danger of killing, or preventing the germination of, the onion seeds. There 
is a certain amount of loss from this source every season, and under certain 
moisture conditions of the soil (described in a previous publication^) it 
becomes serious. 

Such injury may be largely overcome by changing the rate of dilution 
and api)lieation of the formaldehyde according to the moisture condition 
of the soil,^ Control operations would be much simplified, however, if 
some chemical could be found which could be substituted for formaldehyde 
and which would give equally good control without the disadvantage of 
having to change formulas according to the weather or risking a loss of 
stand. Three years ago the writer began a search for such a substitute and 
has experimented with a large number of chemicals, some of which have 
some merit, but, with one exception, none gave a percentage of control 
equal to the formaldehyde solution. Kalimat,*^ the one exception, however, 
in experiments during the last two years has given just as good control as 
formaldehyde used according to the same formula and has caused little or 
no injury even where formaldehyde caused serious loss. 

In the present article only the experiments in which these two chemicals 
were compared are described. Experiments with other substances are still 
in progress and will be described in a future publication. 

PRELIMINARY GREENHOUSE EXPERIMENTS 

When a sample of kalimat was first received, rows of seed planted in 
two small flats of smut-infested soil in the greenhouse w^ere treated with the 
chemical diluted according to the formulas of 1-50-3000 ( = 1 pint chemi- 
cal in 50 pints of water on 3000 feet of row), and 1-100-3000. This initial 
test, applied to each chemical under experimentation, was merely for the 

1 Andoraon, P. J. The relation of soil moisture to formaldehyde injury of onion seed- 
lings. Phytopath. 13: 392-403. fS fig, 1923. 

2 See Mass. Agr. Col. Ext. Leaflet 79, ‘^How to prevent onion smut. 1924. 

8 Kalimat is a formaldehyde preparation recently patented in Germany and used in 
that country for control of smuts of cereals. It is now marketed in this country by the 
Chicago Process Co., 2602-2620 North Western Avenue, Chicago, Illinois. It contains 
other substances besides formaldehyde and it is claimed by the manufacturers that it not 
only does not impair germination of the seed but that it actually increases the percentage 
of germination. 
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purpose of seeing whether it gave indication of fungicidal value warrant- 
ing further tests. The seed was not counted but an untreated check row 
was planted in each flat. Both formulas gave good control since only a 
few of the plants in the treated rows were smutted while practically all the 
check plants were diseased. 

In the next experiment, additional formulas were tried in comparison 
with the same formulas of formaldehyde. Eighteen rows, each four feet 
long and containing two hundred seeds, were planted in a greenhouse bench. 
The soil had been brought from a badly infested field and had a moisture 
content of 20 per cent when the seed was planted. It was observed when 
the seedlings first appeared above ground that both the formaldehyde and 
the kalimat caused a germination delay of 24-48 hours. This was also 
observed in later experiments and has been observed in all of our formalde- 
hyde treatments. It is probably of no serious import. A few days later, 
even before smut appeared, damping-off began in the untreated rows but 
was almost absent from the rows treated with either chemical. For many 
years it had been observed in the experiments that this damping-off com- 
monly accompanies or precedes the smut and that both diseases are con- 
trolled by the same fungicides. Smutted plants are more susceptible to 
damping-off but the latter disease seems to be always associated with other 
fungi such as Pythium, Rhizoctonia and Fusarium. The plants which died 
from damping-ofi or smut were removed and counted as they dropped. At 
the end of eight weeks the value of each treatment was determined by count- 
ing the number of healthy plants which were still standing. This seems to 
be the most accurate method of recording the benefits of any treatment 
for smut because it expresses most directly the amount of benefit which the 
grower may expect. Counting the smutted plants in an early stage is not 
accurate because many smutted seedlings recover and make good onions and 
also because it is frequently impossible to determine, when a plant dies, 
whether it was killed by smut or by damping-oif. The formulas of treat- 
ment and results of this experiment are presented in table 1. The results 
showed that: (1 ) There was no injury to the seeds by kalimat in any for- 
mula; (2) There was apparently a slight injury from formaldehyde when 
the concentrated formulas of 1-50-3000 and 1-50-4000 were used. None 
of the other formulas caused any injury but since this soil contained 20 per 
cent of moisture when the seed was planted, no considerable injury was 
anticipated.. (3) Kalimat controlled smut just as well as formaldehyde in 
all dilutions. 

Since it had thus been demonstrated that kalimat controlled smut just 
as well as formaldehyde in a fairly moist soil, the next step was to see what 
the effect would be in drier soils. In order to keep the soil moisture con- 
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stant in these tests, pots of galvanized iron, 12 inches in diameter, were filled 
with infested soil and then brought up to the desired weight every day by 
adding water. The soil had a water holding capacity of 64 per cent of 

TABLE 1. — Ecsults from use of Jcalimat as compared with formaldehyde. Greenhouse 
test in soil of £0 per cent moisture content 


Chemical | 

Formula 

Total 

germination 

Healthy x)lauts 
left after 8 weeks 

Kalimat . .. / 

1-50-3000 

167 

121 

Formaldohyile . i 

1-50-3000 

150 

108 

Check ...1 


1C4 

12 

Kalimat .. * 

1-50-4000 

165 

109 

Formaldehyde 

1-50-4000 

141 

79 

CImek 


160 

5 

Kalimat ; 

1-50-5000 

170 

103 

Formaldehyde 

J-50-3000 

165 

110 

Check . . 


j 165 

1 9 

Kalimat 

1-100-3000 

170 

109 

Formaldehyde 

1-100-3000 

172 

, 119 

Checfk ... j 


166 

; 3 

Kalimat i 

1-100-4000 

164 

114 

Formaldehyde , . ! 

1-100-4000 

170 

96 

Check f 


161 

3 

Kalimat . . , 

1-100-5000 

156 

83 

Formaldehyde | 

1-100-5000 

161 

65 

Check 


104 

0 


the dry weight. One hundred seeds were planted in each of 15 pots. Three 
pots were kept at 10 per cent moisture, three at 12, 14, 16 and ] 8 per cent, 
respectively. One of each group of three was treated with formaldehyde 
of the formula 1-50-3000, one with kalimat of the same formula and the 
third was left without treatment. Only a few seedlings came up in the 
pots of 10 per cent moisture. It was therefore apparent that this soil was 
too dry for good germination and these pots were discarded. Smutted and 
damped-off plants were counted and removed as they died just as in the 
preceding experiment and at the end of eight weeks the healthy plants still 
standing were counted. The results are presented in table 2. 

Both kalimat and formaldhyde gave perfect control in this test since 
no plant in any treated pot died from smut. On the other hand, the per- 
centage of infection in the untreated pots was almost total. The differences 
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in the number of plants at the end of eight weeks are, therefore, an expres- 
sion of the amount of chemical injury and are not affected by any smut loss. 
The injury from formaldehyde increased with the dryness of the soil as 
was anticipated in view of our previous results (Phytopath. 13 :402). 
Kalimat, on the other hand, caused no decrease in germination, the per- 
centage of seedlings being as high or higher than for the untreated check 
(except for the 18 per cent moisture where there was an abnormally high 
germination in the check). 


TABLE 2 . — EesuUft of treating the seeds with formaldehyde and halimat in soils of 

different moisture content 


Moisture 

Perceutaj»'e 

Chemical 

1 

Number of seed- 
lings which 

1 came up 

Healthy plants 
at end of 

8 weeks 


Kalimat i 

45 

45 

32% 

Formaldehyde . . . j 

24 

24 


Check . . ! 

i 1 

25 

; 3 


Kalimat .... 1 

54 

54 

14% 

Formaldehyde . . 1 

27 

' 27 


1 Check . ! 

1 

5(5 

3 


Kalimat .. .. ! 

74 

1 74 

16% 

Formaldehyde j 

42 

’ .3!) 


Check i 

50 i 

! I 

1 


Kalimat | 

68 

1 66 

18% 

Formaldehyde . . i 

65 

65 

1 

Check . j 

93 1 

0 


These results indicate that in a dry soil the chemical injury is largely 
eliminated when kalimat is substituted for formaldehyde. 

FIELD EXPERIMENTS 

Kalimat was used in a small way in our field tests of 1923 on four rows 
and more extensively in 1924. In 1923 the soil was very dry and the 
weather remained dry and windy for three days after planting. These 
conditions caused the most serious injury from formaldehyde which has 
occurred in any of the experiments 'during six years. Every formula of 
application caused some injury while the most concentrated formula, 1-50- 
3000, ruined the crop where it was applied. At the end of the season these 
latter rows did not have even as many sound onions to harvest as the un- 
treated rows. Two rows, each seventy feet long, were treated with kalimat 
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1-50-3000 and two similar rows with kalimat 1-100-3000. When the seed- 
lings came up there was evidence of some chemical injury from the 1-50- 
3000 formula but none from the more dilute formula. Just before harvest- 
ing, the only rows in the whole field w^hich seemed to have a normal number 
of onions were those treated with kalimat. The results are presented in 
table 3. 

TABLE 3. — Field experiment of 19£3 


Ghoniical 

Formula 

NumlK'r 

of 

rows 

Average* miiubor 
good t)iiioiiH 
harvested 
per row 

Kalimat 

1-50-3000 1 

2 

180 

Fonnaldoliydc 

1-50-3000 i 

4 

70 

Kalimat 

1-100-3000 1 

2 i 

280 

Formaldpliydo . 

1-100-3000 1 

4 

i 

112 

Chock 

j 

4 ! 

! 

102 


TABLE 4. — Comparison of kalimat and formaldehyde in the field tests of 1924, 
Each row 70 feet long 


( 'hemieal 

Formula 

! Nuiuber 

1 of 

rows 
treated 

1 Average 

numl)(‘r of 
seedlings per row 
w’hich came up 

Average sound 
onions harvested 
Tjcr row 

('heck 


12 

539 

122 

Kalimat 

1-50-5000 

S 

544 

340 

Formaldeliyde . 

1-50-5000 

8 

538 

309 

Kalimat . .. . 

i 1-50-4000 

8 

[ 025 

1 432 

Formaldehyde 

I 1-50-4000 

« i 

L 

525 

331 

Kalimat 

1-50-3000 

4 

r 516 

380 

Formaldchydo . . 

1-50-3000 

4 1 

469 

285 

Kalimat .. 

1-100-3000 

4 

593 

i 331 

Formaldehyde .... 

1-100-3000 

i 

4 

416 

293 


In 1924, kalimat was tested more extensively and each treatment dupli- 
cated on four to eight rows in different parts of the field. Alongside each 
two rows treated with kalimat were two rows treated with formaldehyde 
of the same formula. Planting was purposely delayed until a time when 
the soil was very dry in order to test the kalimat on a dry soil, but rains 
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began within a few hours after planting, with the result that the injury 
from formaldehyde was not very serious. Nevertheless, an inspection of 
table 4 shows that there was considerable loss from the more concentrated 
formaldehyde formulas while there was no loss in any case with the kali mat 
except for a possible slight one with the 1-50-3000 formula. If one uses 
the number of onions harvested at the close of the season as the basis of 
comparison, the results in every case are strikingly in favor of kalimat. 
The best results were obtained with the 1-50-4000 formula. 

CONCLUSION 

In all tests during t^te last two years, kalimat has controlled onion smut 
just as well as formaldehyde. It is superior to formaldehyde however not 
on account of its fungicidal properties but on account of its comparative 
safety when used in concentrated solutions or when used in very dry soils. 
Under these same conditions formaldehyde frequently causes serious injury. 

The claim of the manufacturers that the percentage of germination is 
increased by the use of kalimat would seem at first to have some support in 
the data presented in tables 1, 2 and 4. Of the 14 comparisons between 
treated and check rows tabulated there, 10 show that there were more seed- 
lings on the treated than on the untreated rows. This does not necessarily 
mean however that kalimat stimulated germination of the seeds; it may 
have merely killed off some organisms which naturally destroy the seedlings 
before they reach the surface of the soil. 

The only objection to the use of kalimat is that it is rather expensive 
at present. It may be obtained for about $1.00 per pint. In larger quan- 
tities however it could probably be obtained at a lower price. If any con- 
siderable demand for it should be developed, the cost of production will be 
lowered or other substances embodying the same protective principle will 
appear on the market. 

Of the formulas tried, probably the 1-50-4000 could be recommended 
as giving excellent control and as being economical of labor and material. 
This would require about five quarts of kalimat per acre of onions when 
the rows are thirteen inches apart. In extremely dry soil the same amount 
applied in greater dilution might have some advantage. 

Department of Botany, 

Massachusetts Agricultural Experiment Station 



CELLULAR INTERACTION BETWEEN HOST AND PARASITE 


Clippokd H. Farr 
With Twelve Figures in the Text 

In the study of the normal development of higher organisms, important 
consideration is recently being given to the effects of one cell upon another. 
These effects may be in the nature of stresses and strains brought about by 
one cell exerting pressure or tension upon a neighboring cell, or they may 
be chemical effects. In such studies one method of attack is in exposing cells 
to certain external mechanical or chemical stimuli and observing the altera- 
tion made by the cell. Another method is to investigate the effects of one 
organism upon another in close association with it. A number of investi- 
gators have b(Hm working recently upon the pressure exerted by a fungus 
hypha in pushing through the cell wall of its host. It occurred to the 
writer that further light might be thrown upon this question of cellular 
interaction, if root-hairs of susceptible and resistant host plants were grown 
with fungus hyphae under microscopic observation. 



Fig. 1. Mount ready for microscope, con- Fig, 2. Hyphae of wilt fungus sending 
taiiiing tomato seedling and out numerous branches to root-hairs 

wilt fungus. of Stone tomato. 

For this purpose cultures of Fumrium hjcopersici 'were furnished 
through the courtesy of Dr. Fred «T. Pritchard, of the Bureau of Plant In- 
dustry. They were grown on agar in damp chamber mounts, which I^ have 
described recently, and into these mounts were inserted seedlings of tomato. 


1 Farr, C. H. A damp chamber for microscopes. Science 66; 227-228. 1922. 
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(Pig. 1.) The resistant varieties of tomatoes used were Marvel, Columbia, 
and Norton, described by Pritchard,'' and Stone was used as a susceptible 
variety, which Pritchard reports as becoming 96.1 per cent infected, and 
which Edgerton and Moreland® state is extremely susceptible. While the 
tomato wilt fungus has not been found to penetrate the root hairs of the 
tomato, yet Tisdale* has shown that Fusarium Uni docs penetrate the root- 
hairs of both susceptible and resistant varieties of flax, and that the same 
is true of Fusarium conglutinans on cabbage.' The difference between re- 



Fig. 3. Branches of hyphae extending 
along opposite sides of a root-hair. 



Fig. 4. Hyphae sending out branches to- 
ward root-hair at some distance. 


sistant and susceptible varieties in these cases seemed to be that the former 
develop a corky tissue after infection, walling off the parasite. Although 
penetration of the tomato wilt fungus apparently does not occur through 
the root-hairs, and although in this case also both resistant and susceptible 
varieties are infected, yet it is possible that some difference in reaction be- 
tween the host and parasite may be discovered. The accompanying photo- 
micrographs show the results of the experiments performed. Figures 2 to 
6, inclusive, present root-hairs of the Stone variety of tomatoes being at- 
tacked by hyphae of the tomato wilt fungus. Although careful search was 
made of numerous instances like these in which the hyphae were closely 

2 Pritchard, P. J. Development of wilt-resistant tomatoes. IT. S. Dept, of Agri- 
culture Bull. 1015. 18 p., 10 pi 1922. 

8 Edgerton, C. W., and Moreland, 0. C. Tomato wilt. Louisiana Agric. Exp. Sta. 
Bull. 174. 54 p,, 19 fig, 1922. 

* Tisdale, W. H. Flax wilt: A study of the nature an(J inheritance of wilt resist- 
ance. Jour. Agric. Bes. 11: 573-605. 1917. 

Jones, L. B., J. C. Walker and W. B. Tisdale. Fusarium resistant cabbage. Wise. 
Agric. Exp. Sta. Bes. BuU. 48. S4 p,, 10 fig. 1920. 
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appressed to the root-hair, no instance was seen in w^hich there seemed con- 
clusive evidence that the hyphae had penetrated into a living root-hair. A 
few instances of hyphae branching in the vicinity of root-hairs might be 
regarded as coincidence. But the many instances observed, and such in- 
stances of obvious reaction on the part of the hyphae as is seen with both 
hyphae in figure 2, make it seem certain that the branching of the hypha 
is in direct response to a stimulus received in some way from the root-hair. 
Jn some instances, as in figures 2, 3 and 4, the hyphae and root-hairs are in 
the film of water on the coverglass of the mount. In such instances the 
stimulus may be transported in the aquaeous solution. In other cases, 



Fig. 5. Near center nmy seen the close 
association of hyphae about root-hair. 


Fig. 6. Hyphae branching 
toward hairs. 


however, as in figures 5 and 6, both hyphae and root-hairs are in mid air 
in the damp chamber. The stimulus must in these cases operate through 
the atmosphere. The response of the fungus is in the nature of a morphotic 
movement. No tropic or nastic movements of the hyphae w'ere detected. 
The first evidence of a response is the sending out of branches in the direc- 
tion of the root-hair. 

Cultures w^ere made of the Marvel, Columbia, and Norton varieties of 
tomatoes resistant to wilt. In no instance were the morphotic reactions 
described above seen in these. Figure 7 shows two hyphae crossing two 
root-hairs, without giving any response. Figures 8, 9, and 10 are of the 
same hypha and root-hair taken at fifteen minute intervals, showing the 
rate at which the hypha and root-hair elongate. It is evident from these 
pictures that the hypha grows several times faster than the root-hair. 

An occasional root was found which showed a marked response to the 
presence of the fungus. In all cases these were roots of Stone seedlings. 
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Fig. 7. Hyphae of tomato wilt fungus Fig. 8. Hyplia of Fusarium lycopersici 
crossing root-hairs of just crossing root-hair of Marvel 

Marvel. ut 11:45 p. m. 



Fig. 9. Another view of same hypha and Fig. 10. Another view of same hypha and 
root-hair as in hg. 8, at midnight. root-hair as in fig. 9, at 12:15 a. m. 


Figure 11 shows such a root, with no root-hairs on the lower portion of the 
region of absorption on the side from which the root-hairs are approaching, 
while normal root-hairs have developed on the other side. At the time this 
formation had begun long before the hypha came in contact with the root 
but in a different plane of focus, and hence do not show in this picture. 
It is evident, however, that the reaction of the root in inhibiting root-hair 
formation had begun long before the hyphae came in contact with the root 
or any of the root-hairs. It would seem then that the stimulus is trans- 
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Fig. 11. Root of Stone being approached Fig. 12. A root of Marvel, showing nor- 
by hypliae from the left. Note ab- mal development of rootdiairs even in 

sence of root-hairs on that side. the presence of the wilt fungus. 

ferred from the fungus to the root through the atmosphere of the damp 
chamber. Miss Snow® and others have shown the inhibiting effect of lack 
of oxygen upon the production of root-hairs. This is a possible explanation 
here, though it is difficult to understand how the concentration could be 
enough different on the two sides of the root to account for the result. 
Roots of Marvel did not show this response to the fungus, as is seen in 
figure 12. It is thus shown that the susceptible varieties of host show a 
morphotic reaction to the parasite, while the parasite also shows a morphotic 
reaction toward the susceptible host. 

fi 8now, L. M. Tlic dcvclopmoiit of root hairs. Bot. Gaz. 40 : 12-48. pi, fig. 10- 
15. 1905. 



MEASURING WATER FLOW INTERFERENCE IN CERTAIN 
GALL AND VASCULAR DISEASES 

I. E. M E L H U S, J. H. M U N 0 I E AND W M. T. H. H 0 
With One Figure in the Text 

The nature and extent of the injury caused by gall and wilt diseases are 
not well defined. The symptoms associated with these types of diseases sug- 
gest as one of the cauvses, some disturbance of, or interference with the sap 
flow in the vavscular system. This relationship of galls to sap flow" inter- 
ference was first studied in crown gall (Bacterium tnmefaciens) on young 
apple trees and tomato plants. Again this phenomenon of water flow and 
wilting incident to the wilt diseases was studied in cabbage yellows (Fu- 
sarium conglutinans), and an alfalfa wilt (causal agent unknown). The 
flow interference in jjlants affected with the diseases enumerated, was mea- 
sured, using a special piece of apparatus designated a fluometer. In addi- 
tion to detecting the presence or absence of water flow interference, this 
apparatus reveals the degree of functioning of the ducts and their actual 
distribution when water soluble stains are employed. A description of the 
apparatus and some of the data obtained are presented. 

The apparatus, as illustrated in the accompanying figure, consists essen- 
tially of a filter pump (7) which cxliausts the air from the system. A filter- 
ing flask (4) is used as a trap to prevent water from backing into the 
tubes when the pump is shut off without releasing the suction. A mercury 
column (1), the base of which extends into a volume of mercury in a filter- 
ing flask is coupled to the system. By controlling the height of this column, 
a constant pressure can be maintained. A side delivery burette (8) gauges 
the amount of water flow through the stem and a separatory funnel (5) 
serves as a reservoir for water that can be admitted into the burette (8), 
after the stem is attached and before suction is applieT^ 

The manipulation is very simple. Clamp number 2 is closed and the 
pump is started; this lowers the mercury column to the desired pressure 
in about two minutes with average wmter pressure on the pump. A section 
of plant stem (6) of standardized length, is then attached to the end of the 
burette (8) by a short piece of rubber tubing and immersed in water in 
the jar (9). Water is then admitted* from the reservoir (5) to bring the 
level up to any desired graduation on the burette. Clamp (10) is tightly 
closed, then clamp (3) is closed and finally clamp (2) is opened. Suction 
then begins on the stem. When clamp (2) is opened the mercury momen- 
tarily rises but returns to its former lower level when equilibrium is estab- 
lished. 
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Fig. 1. Fluometer. — 1. Mercury column showing reduced pressure obtained by the 
filter pump (7). — 2. Clamp for maintaining vacuum in the mercury flask. By closing 
this clamp the silction on tlie system is held while a new specimen is inserted in the 
rubber connection on the end of the burette (8). — 3. Clamp for releasing the vacuum on 
the burette while changing specimens. — 1. Filter flask which serves to prevent back- 
w^ater from entering the system after the filter pump is shut off. — 5. Separatory funnel 
reservoir. Water is admitted from this funnel into the burette (8) to any desired 
graduation before suction is applied. — 6. The specimen attached by a rubber tubing 
connection to the burette (8). — 7. Filter pump by means of which vacuum is produced 
in the system. — 8. Graduated burette into vrhich the water is pulled through the speci- 
men. — ^9. Jar of water into which the end of the specimen is placed. — 10. Clamp for 
closing the connection between the reservoir (5) and the burette (8). — 11. Meniscus 
reader marking the water level in the burette (8) before suction is applied. This 
facilitates reading the water flow through the specimen. 
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After suction begins, bubbles frequently rise from the stem into the 
burette; these, however, are soon exhausted and the water in the burette 
slowly rises as its volume is increased by intake through ducts in the stem. 
The rate of this flow can then be timed. A meniscus reader (11) marking 
the height of the water column before suction is applied, facilitates record- 
ing the volume per minute passing into burette. 

After the flow has been observed, clamp (2) is closed in order to main- 
tain suction on the mercury column, and clamp (3) is opened to release 
the vacuum in the rest of the system. A new piece of stem can then be 
attached to the burette end and the process repeated. By keeping clamp 
(2) closed when attaching a new stem to the burette, the vacuum in the 
mercury flask is maintained thus saving several minutes on each trial that 
would otherwise be spent in lowering the column. 

By the use of the above described apparatus, the rate of water flow 
in 100 galled and 100 healthy apple trees was determined. The trees used 
in these tests were two year ‘‘cut backs. A section of each tree was 
selected 15 cm. long including the union and a part of the scion and stock. 
All lateral roots were cut off close to the stock. The reading on the burette 
at the end of the second five minute period was taken as the rate of flow. 

In the following table are given the mean rates of flow through the 
sections of galled and healthy aiijiles. It will be noted that there is a dif- 
ference in the rate of flow through galled and healthy trees. The average 
reduction in the rate of flow in the trees cited in the above table is 30 
per cent. It should be noted that there is considerable variation in rate of 
flow in the galled trees. This is probably an indication of the extent of 
interference by the gall in the infected tree. 


TABLE 1 . — Mean rate of flow in galled and healthy apple trees 


Diameter of 
piece 

Galled trees 

Bate of flow in 

5 minutes 

Healthy trees 

Bate of flow in 

5 minutes 

1.6 cm. 

2.7 ce. 

4.3 cc. 

1.7 

5.1 

6.9 

1.8 

4.6 

7.8 

1.9 

7.4 

8.2 

2.0 

5.0 

9.2 

Weighted mean 

5.3 cc. 

7.4 cc. 


This apparatus is readily adapted to the detection of interference or 
stoppage of the water flow in herbaceous as well as woody plants. This 
is shown in the results on cabbage plants affected with cabbage yellows, 
(Fusarium conglutinans) . The symptoms associated with this disease 
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seem to be due to the partial or complete stoppage of the vascular system. 
Those plants that show only a partial stoppage, die slowly, while those 
showing no flow succumb quickly. In the following table, representative 
data are presented. 


2. — AVi/r of flow through healthy and yellows affected cabbage stems 
Diseused Healthy 


Diameter of 
stems 

Rate of flow 
in five minutes 

Diameter of 
stems 

Rato of flow 
in five minutes 

14 mm. 

1.7 cc. 

14 mm. 

J7.2 ec. 

15 

0.5 

15 

10.0 

15 

2.0 

15 

11.4 

15 

2.0 

15 

15.0 

15 

2.3 

16 

7.2 

10 

0.0 

16 

17.2 

10 

1.0 

16 

23.0 

10 

1.0 

10 

24.5 

10 

4.5 

10 

25.0 

17 

3.0 

17 

9.0 

Average 15.5 mni. 

1.86 ec. 

15.0 mm. 

16.02 cc. 


From the above table we observe that the mean flow of 10 healthy 
cabbage stems, with an average diameter of 15.6 mm. is 16.02 c.c. in 5 
minutes, while tliat of 10 diseased ones, with an average diameter of 15.5 
mm. is only 1.86 c.c. for the same length of time. 

Not only is this apparatus adapted to studying the rate of flow in stems, 
but also in fleshy roots. The data obtained in the study of an alfalfa wilt 
disease now under investigation in our laboratory show a typical response. 
The vessels of tlie wult infected plants are filled with a gummy exudate 
and micro-organisms which apparently cause a complete plugging of most 
of the ducts. The comparative resi)on.se of healthy and wilt affected plants 
is shown below : 


TABLE 3 , — Mean rate of flow in diseased and healthy alfalfa roots 



Diseased roots 

Healthy roots 

Circumference of root 

Rate of flow per 
minute 

Rate of flow per 
minute 

1.0 cm. 

0.85 c.c. 

2.75 c.c. 

1.1 

0.92 

2.92 

1.2 

0.72 

3.90 

1.3 

3.50 

4.50 

1.6 

3.30 

9.00 

Weighted mean 

0.97 

3.85 
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The data presented suggest that the vascular distortion caused by crown 
gall {Bacterium tumefaciens) in the trees studied, induces sufficient inter- 
ference to reduce the rate of water flow 30 per cent. The wilting incident 
to field infection of cabbage with Fusarium conglutinam is due to a partial 
or complete stoppage of the ducts in the vascular system. The alfalfa 
wilt results from a vascular plugging. In this case, a gummy exudate 
filling the duets is readily detected in steined sections. 

Plant Pathological Laboratories, 

Iowa Agricultural Experiment Station, 

Ames, Iowa 



A METHOD OF INCREASING THE EFFICIENCY OF 
FILTER CYLINDERS 

H. H. McKinney 
With One Figure in the Text 

The efficiency of filter cylinders is greatly reduced when any part of 
the filter is not covered the fluid being filtered. This is due to the reduc- 
tion in the amount of filter surface and to the decreased efficiency of the 
aspirator on account of air leakage through the exposed portion of the 
filter. The use of mantles of small diameter aids in the reduction of this 
inefficiency, but this i)ractice makes it necessary for the operator to remain 
wdth the apparatus constantly to keep the mantle filled. 

In order to eliminate these difficulties, the writer has devised a glass 
tube, for convenience called ‘"filter tube,’’ which has an inside diameter 
slightly larger than the outside diameter of the filter to be used. The 
bottom of this filter tube is open and the top is designed to be closed, as 
shown in figure 1. The fluid to be filtered is placed in the mantle and the 
filter tube is placed over the filter, the upper end being left open to allow 
the air to escape. In case the mantle is not full, the excess air in the filter 
tube is drawn off through the opening and the top is then closed. Thus 
the fluid fills the filter tube and coA’ers the filter as long as the bottom 
ojiening of the filter tube is under the fluid. 

This method is especially advantageous when it is desired to filter fluids 
containing much colloidal material, since it enables the efficient use of 
large filters. In the filtration of plant juice containing chlorophyll, the 
Avriter uses large 2" x 10", coarse, diatomaceous filters with filter tubes, as 
shoAvn in figure 1 a and h. The chlorophyll deposit is removed frequently 
from the surface of the filter and the resulting clear filtrate is later passed 
through fine bacteria-proof filters. 

When using small-sized filters, the Avriter employs filter tubes made of 
short lengths of ordinary large-sized glass tubing, or test tubes Avhich 
haA'c their bottoms cut off. The upper end of such a tube is closed with a 
rubber stopper Avith single opening. In this is placed a ground-glass stop 
cock, or a short glass tube carrying a piece of rubber tubing with clamp 
cock. When using the Livingston atmometer cup as a filter, it usually is 
necessary to pour agar into the mantle in order to seal all possible open- 
ings which may occur around its base, and to raise the bottom of the 
mantle to the unglazed portion of the cup. When using a filter tube with 
such a setup, it is necessary to use a hot wax, such as paraffin, for sealing 
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instead of ajifar, as a^ar is too soft and is lifted out of place by the force 
of the fluid entering the base of the filter tube. 



Fio. 1. Large-sized filter with glass-stoppered filter tube in position (a). Large-sized 
filter tube (&) equipped with plain glass tubing outlet. A short inece of 
rubber tubing and clamp cock provide an inexpensive sealing device. 

Office of Cereal Investigations, 

Bureau of Plant Industry, 

U. S. Department of Agriculture, 

AND University of Wisconsin, 

Madison, Wisconsin 





PIIYTOPATIIOLOGICAL NOTES 


Java Oum Disease of Sugar Cane Identical to Leaf Scald of Australia. 
The writers, after a conference in Honolulu in which formalin specimens 
and photographs have been compared, wish to point out the similarity be- 
tween the disease of sugar cane known as leaf scald in Australia and the 
gum disease described by Lliss Wilbrink* which occurs in both Java and 
the Philippine Islands. The pallid-white, evenly-edged, leaf streaks, red- 
dened vascular bundles, production of shoots from the nodes and general 
leaf appearance are apparently identical in both diseases. The work, soon 
to be published, of the first mentioned of the writers of this note, shows the 
great similarity between the causal organism of leaf scald in Australia and 
the organism described as the cause of the Java gum disease by Miss Wil- 
brink. 

The Java gum disease as described by Miss Wilbrink is decidedly dif- 
ferent from Cobb’s gumming disease of sugar cane and since it may lead 
to confusion to continue with such a name, it seems desirable to adopt the 
rather descriptive name leaf scald as used in Australia for this trouble. 

Leaf scald of sugar cane has been recorded, to the present time, only 
in Australia, Fiji, Java and the Philippines. We regard it as one of the 
most destructive of the diseases of sugar cane, and sugar countries of the 
western hemisphere should exert every possible effort to prevent its intro- 
duction. — D. S. North, II. Atherton Lee. 

Personals: There died suddenly, on August 20, on the occasion of an 
excursion of the Hamburg Horticultural Society, Prof. Dr. Carl Brick, the 
Director of the Station fiir Pflanzenschutz, Hamburg, Germany. Brick was 
born in 1863 at Stolp, in Pomerania, and studied Natural Sciences at the 
University of Breslau. In 1888 he secured his Ph.D. on ‘'Contributions to 
the biology and comparative anatomy of Baltic shore plants.” He then 
went to the Botanical Museum, Hamburg, and later became first assistant 
at Karlsruhe, where he lectured on Forest Botany and Soil Science. He 
returned in 1891 to the Hamburg Museum, and in 1898 became director of 
the new Pflanzenschutzstation, where he successfully worked until his end. 
Among his many contributions to science there may be mentioned his studies 
of the parasitic fungi and insects of imported fruit, the fungus flora of the 
Sachsenwald and diseases of tropical plants. — H. T. 6. 

1 Wilbrink, G. Be gomziekte van het suikerriet, hare oorzaak en hare bestrijding. 
Mededeelingen van het Proefstation voor de Java-Suikerindustrie. XXVIII, 2 deel, 
1921, p. 1399. 
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An unusual infection of Polyporus Schweinitzii Fr, — This fungus on 
living trees is a typical root and butt rot, usually confined to the heartwood 
of the first ten feet of the trunk although it occasionally extends consid- 
erably higher. In all such cases observed, however, the rot column has been 
continuous from the butt of the tree upward and the infection court always 
seemed to be in the roots or in old scars just above the ground level. 

It was with considerable surprise that at Alder, Pierce Co., Washing- 
ton, on July 7, 1922, a living Douglas fir (Pseudotsuga taxfiolia (Lam.) 
Br.) with a diameter at breast height, outside the bark, of 60 inches was 
found with a cluster of Polyporus schweinitzii sporophores issuing from an 
old knot at 51 feet above ground level. The tree had been felled on a 
logging operation, leaving a stump 4 feet high, and then two logs had been 
cut out, each 32 feet long. The sporophores occurred 15 feet from the base 
of the second log but there was no decay in either the base or top of the 
log. Likewise the stump and first log were free from decay. Obviously the 
decay was the result of a local infection, probably through the old knot 
from which the sporophores issued. — *1. S. Boyc^e. 

The November number of Phytopathology was issued December 2, 1924. 
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All, abortive sporophore of Sclerotium rolf- 
sii, 37 ; apple stem tumor not crown gall, 
29, 30; early report on infectious chlo- 
rosis, 198, 199; investigation of clover 
root rot, 63 ; un described imperfect 
fungus associated with wheat foot-rot in 
Oklahoma, 34 ; unusual infection of 
PolyporuH schweinitzii, 688 
Anderson, H. W., Notes on the Nemato- 
spora disease of lima beans, 31 
Anderson, J. P., Botrytis cinerea in 
Alaska, 152-155 

Anderson, P. J., Susceptibility of species 
of Allium toonion smut, 26; Overwintei- 
ing of tobacco wildfire bacteria in New 
England, 132-139; Controlling onion 
smut with kalimat, 569-574 
Angular leaf -spot and wildfire infection of 
tobacco plant beds ])y spitting, 51 
Anixropsis stercoraria, 408 
Antirrhinum, Botrytis cinerea on, 154; 

raajus, host for Puccinia antirrhini, 283 
Aphids, as disease carriers on potato, 526- 
528, 530 

Apium, Botrytis cinerea on, 154 
Apple, blotch, 60; blotch, pathologic his- 
tology of, 558-568; decay of xylem by 
Polystictus versicolor, 114-118; host of 
Phyllosticta solitaria, 558-568; inocula- 
tions with soft rot l>acteria, 463; meas- 
les, 289-314; morphological studies on 
the injury caus('d by Ceresa bulbalis, 
334-335; Myxosporium corticola on, 
329-333 ; Phyllosticta leaf spot, fruit 
blotch and canker of, its etiology and 
control, 234-237; scab, 36; Sphaeropsis 
malorum on, 329-333 ; stem tumor of, 29 
Aralia caudata, root rot and wdlt of, 124; 
Sclerotinia libertiana on, 124; Verticil- 
lium albo-atrum on, 124 
Araujia angustifolia, flagellate in, 148 
Artemisia, Botrytis cinerea on, 154 
Arthur, John M., see Wiietzel, H. H. 
Artsch WAGER, Ernst, Review of H. Mor- 


statt, Einfuhrung in die Pflanzenpath- 
ologie, 127, 128 

Asclepias syriaca, flagellate in, 146 
Asparagus, Botrytis cinerea on, 154; leaf 
and stem spots in California, 125 
A8i)ergi]lua, flavus, 408; fumigatus, 408; 
glaucus, 408; niger, 408; oryzae, 408; 
wentii, 408 

Aster, China, diseases of, 64 ; yellows of, 54 
Atanasofb% J)., Methods of studying tlie 
degeneration diseases of potato, 521-533 
Athyrium, Botrytis cinerea on, 154 
Aucuba mosaic, on potato, 519 
Avena sativa, Puccinia coronata on, 406 

Bacillus, aniylovorus, control of, 478; aroi- 
deae on tomato fruits, 451-459; a study 
of aroideae, 460-477 ; atrosepticus, cul- 
tural study of, 474; carotovorus in rela- 
tion to soft rot of tomato, 460-477 ; 
carotovorus, 481; meloiiis, BU), 461; 
morulans, relation to curly li‘af of beet, 
90; olenu’cae as a soft rot producer, 
461 ; omnivorus as the caus(* of soft rot, 
461; phytophthorus, cultural study of, 
474; solanacearum on tobacco, 406 
Bacteiia associated with celery yellows, 435 
Bacterial, blight of beans, 1-7 ; blight of 
bean on Btrophostyles helvola, 341; 
canker of poplar, 140; slime disease of 
lettuce, 122; stift rot of tomato, 457-459 
Bacterium, andropogoni, 48; angiilatum, 
oxygen requirement of, 474; campestre, 
24 ; flaccumfaciens, 27 ; phaseoli, 27 ; 
phaseoli on Strophostyles helvola, 341 ; 
vsolanacearum, 9, 490; tabacuni, 134; 
tabacum, host plants of, 175-180; 
talmcum, overwintering of, 181 ; taba- 
cum, se<*d treatment for, 181-187; 
tabaemm, oxygen requirement of, 474; 
tuniefaciens, 172; tumefaciens, water 
flow interference by, 580-5S4 
Bajam, see Amarantus blitum. 

Banana, diiK'ases of, 11 ; inoculations with 
soft rot bacteria, 463 
Barberry eradication, 40; the use of simul- 
taneous surveys in, 359-362 
Barker, H. I)., and H, K. Hayes, Rust 
resistance in timothy, 363-371 
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Barley, a new diHoase of in California, 124; 
host of Ustilago hordoi, 537-557; hot 
water treatment for covered smut of, 
552-554 

Baknum, Clyde C., The production of sub- 
stances toxic to plants by Penicillium 
cxpansum Link, 23S-243 
Bautholoaiew, E, T., Alternaria rot of 
lemons, 120 

, H. J. Webbeu, H. S. Fawh’ett 

and If. H. P. Beveiun, Ecological fac- 
tors influencing the distribution and 
severity of insect pests and plant dis- 
eases (title only), 110 
Beac’U, W. 8 ., Some new methods and re- 
sults in the control of lettuce diseas<‘s 
w’ith formaldehyde, 21S 
Bean, bacterial blight, 341; wilt (Bacte- 
rium flaccumfaciens Hedges). Further 
studies, 27 

Bean.s, bacterial blight of, 27 ; suscepti- 
bility to bacterial blight, 1-7; .see 
Phaseolus vulgaris 

Beattie, B. Kent, American foreign ])lant 
quarantines (title only), 110 
Beet, effect of rogu(‘ing on curly toj) of, 
110; inoculations with soft rot bjwteria, 
4(52; leaf hopper, see Eutettix tenella; 
Progress report on curly top of, 122; 
Rhizoctonia rot in California, 125; curly 
leaf ex[)eriinents, 80-03 
Begonia, Botrytis cinerea on, 154 
Beilis, Botrytis cinerea on, 154 
Berkeley, G. II., .see A. IIunteil 
Berkeley, G. H., and A. B. jArKsox, Blue 
stem of red and black raspberry, 347, 
348; Strawberry black root, 348; Rasp- 
berry diseases, 347 
Betula alba var. papyrifera, 141 
Biological and cultural studies of Exoas- 
caceae. I, Exoascus deformans (Beik.) 
Fuckel, 35; II. Exoascus mirabilis 
Atkinson, 35 

Busby, G. R., Potato seed treatment tests 
in Manitoba, 58 

Black, leg of crucifers, 24; root of straw- 
berry, 348; rot of cauliflower, 24; rot 
of crucifers, 24 


Blight, pear, 478-480; of chestnut in On- 
tario, 345; western yellow, of tomato, 
120 

Blister rust, of w4iite jiine in Canada, 347 
Blotch, of apple, 558-508 
Blue, berries, attacked by Botrytis cinerea, 
152; stem of raspberry in Califoniia, 
125; stem of red and black raspberry, 
347, 348 

Bordeaux mixture, for controlling grape 
rust, 171 ; for tomato soft rot, 458 
Botiytis, cinerea on various hosts in 
Ala.ska, 152-155; cinerea causing wdne 
gra|K‘ fruit rot in California, 125; 
metabolism in, 340 

Boyce, J. S., Investigative work on white 
pine blister rust in the Paidflc North - 
W'est for 1922, 124; An unusual infec- 
tion of Polyponis Schweinitzii Fr., 588 
Biassica, Botrytis cinerea on, 154 
Bremia lactucae, mildew of lettuce, 122 
Bkentzel, W. E., Further investigations 
on the pasmo disease of flax, 48 
Brick, Carl, notice of death, 587 
Brine, an early treatment for wdieat smut, 
198-109 

British, Assmdation for the Advancement 
of Science, 288 ; (\dumbia, horticultur- 
ists, entomologLsts and pathologists to 
meet in, 401 

Brown, Nellie A., An apple stern tumor 
not cro\Mi gall, 29 

Brown, bast of Ilevea, 9; rot, manner of 
infection of jieach twigs by, 427-429 
Brcyn, Helena L. G. de, The Phytopli- 
thora disi'a.se of lilac, 503-517 
Bunt, of wheat, 437-450 
BCKKIIOLDER, WALTER H., Varietal suscep- 
tibility among beans to the bacterial 
blight, 1-7 

Butlek, Lowell F., Celery yellows, 435 

Cabbage, a host of Bacillus aroideae, 458; 
Fusariuin yellows of, in California, 125; 
yellows, 24; yellows, measuring water 
flow’ interference by, 582-584 
Cocao, diseases of, 11 ; Phytophthora 
falxwi on, 11 
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Caladium eaculentum, inoculations of with 
soft rot bacteria, 4(17 
Calceolaria, Botrytis cinerea on, 154 
Calendula, Botrytis cinerea on, 154 
California, new diseases in, 125 
Oalla, Botrytis cinerea on, 154, 155; rot 
caused by Bacillus aroideat*, 454, 458, 
467 

Campanula, Botiytis cinerea on, 154 
Cantaloupe, host for Bacillus aroidr^e, 457 
Capsicum sp. attacked by Clioanephora 
cucurbitneearum, 490 

Carrot, decay of, 325; host for Bacillus 
aroideae, 458; see Baucus carota. 
CAitSNER, Eubanks and C. F. Stahl, The 
relation of Chenopodium murale to curly- 
top of the au^ar beet, 57; Progress re- 
port on curly-top of the sugar beet, 122 
Cauliflower, black-rot on, 24 ; host for 
Bacillus aroideae, 458 
Celery, inoculations with soft rot bacteria, 
462; yellows, bacteria associated with, 
435 

Cellular interaction between host and para- 
site, 575-579 

Cenangium abietis, pruning w’estern yellow 
pine, 336, 337 

Cercospora, asparagus leaf and stem spot 
caused by, 125; canescans, 351; cruenta 
causing a leaf spot of Phaseolus, 351; 
dolichi, 351; lussoniensis on Phaseolus 
aureus, 356; vignae, 351 
Ceresa bulbalis, causing injury on apple, 
334, 335 

Chamaenerion, Botrytis cinerea on, 154 
Cheiranthus, Botrytis cinerea on, 154 
Clienopodium murale, 123 
Cherry leaf spot, 36 

Chestnut blight, in Europe, 52 ; in Ontario, 
345 

Chlorosis, infectious, early report on, 198, 
199 

Clioanephora, americana, 490 ; eucurbita- 
cearum causing disease of Hibiscus Bosa- 
sinensis, Cucurbita pepo and Capsicum, 
490; cucurbitarum, attacking Amaran- 
thus blitum, 490-494; cucurbitarum at- 
tacking Amarantus spinosus, 492; cucur- 
bitarum attacking Synedrella nodiflora» 


492 ; cucurbitarum attacking Eleuthe- 
ranthera ruderalis, 492; dichotoma, 490; 
infundibulifera, 490, 491 
CliKIHTENSEN, J. J., 866 HaYES, H. K. 
Chrysanthemum, Botrytis cinerea on, 154 
Cineraria, Botrytis cinerea on, 154 
Citrus, Botrytis cinerea on, 154 
Cladosporium, carpophilum causing almond 
scab in California, 125; herbarum on 
salmonberry, 153 

Clayton, E. E., A progress report on 
black-rot investigations with special ref- 
erence to cauliflower on Bong Island, 24; 
Control of black-rot and black-leg of 
cruciferous crops by sccmI and seed bed 
treatment, 24 

Clokey, 1. W., see Dietz, S. M. 

Clover, attacked by Gloeosporium cauli- 
voruni, 347; diseases of, 62, ()3; jkivv- 
dery mildew of, 347; rusts of, 33 
('‘liib root of cab)>age, 25 
Coconut, diseases of, 12 
(\)leus, Botrytis cinerea on, 154 
(’lollctotrichum Hiuleinuthiauum, 1. 

Colley, R. JT., A laboratory projfvtion 
apparatus, 424— 42(5 

Colloidal sulphur as a spray material, 61, 
62 

Common, molds of corn seed in relation to 
yield, 4(5; nmsaic on potato, 519 
Comparative efficiency of formaldehyde, 
copper-carbonate dust and sulphur dust 
in controlling smuts in hulled oats, 42 
('ongress. Third Pan-American Scientific, 
401 

Conjugation in the aocium of Dicaeoma 
distichlidis, 33, 34 

Control, of pear blight, 478-480; of black- 
rot and blai’k-leg of cruciferous crops by 
seed and seinl Iwd treatments, 24, 25; 
charnlier for plant environmental studies, 
64, 65 

Controlling white pine blister rust in the 
Noithcastern States, 53 ; onion smut 
with kalimat, 56^574 
Cook, Mel T., Boot diseases of sugar cane 
in Porto Rico, 59 

and Toko, Bapael A., A Sclero- 

tium disease of yautia, 29 
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Coons, G. H., Varietal resistance of winter 
wheats to Tilletia Icvis, ; Tests of 
cl eliyd rated culture ni(*dia, 05 
Coreopsis, Jiotrytis cinerea on, 154 
Corn, selfed strains and nisistance to 
smut, 208-280; F, crosses and resistance 
to smut, 278; relation of yield and per- 
centage of smut infection, 270-277; re- 
sistant to rust, Puccinia sorj^hi, 47, 48; 
diseases of, 12, 45, 4fi, 47; seed treat- 
ments of, 44; smut, 208-280 
Corymmm, ncgundinis, 1145; twifij blight of 
Manitoba maple, 545 
Cotton, antliracnosc of, 52 
(’oTUiSON, .1. G., see Dk'Ksox, B. T. 
(^)ve^'d smut of barley, see Ustilago lioi- 
dei 

Cowi)eas, lust of, 07 

(-KAUiiK, ,1. 11. and Wm. H. Weston, .In., 
()bs(‘rvutions on malformed tassels of 
teosint(* iilants inf(vted with downy mil- 
dew, 40 

Franbcury, see Vaccinuini maciocaipum 
(h'lnkle <»n potato, 510 
(honartiuni nbicola, 52, 5.'*, 104, 400, 407 
(h’op injury resulting fi<mi magiu^sium ox- 
ide dust, 108-11,*’. 

(’rown-gall, inspection for, 172, 175; i elu- 
tions of tmnpeiature and moisture to, 
50; lesistance in Primus, 120; measui- 
lug water flow inteifereiice by, 580-584 
(hicumlHT, host for Bacillus aroideae, 458 
Cucumis, Botrytis cinerea on, 154 
Cucurbita pepo attacked by Chounephoia 
cucuibitaceuium, 400 
(Culture media test tube filler, ;>42 
Cultun*s, longevity of, 408; of Exoascus 
deformans, 2 1 7-255 
Cupheu, Botrytis cinerea on, 154 
Curl, on potato, 518 

Curly, leaf transmission ('xpcrimcmts, SO- 
05, 12.*1; top of beets, effect of rogueiiig 
on s])read of, 110 

Cyrtomium, Botrytis cinerea on, 154 
Cystopus bliti on Amarantus blitiim, 490 
Cytcdogical, evidence of physiologically dis- 
tinct forms in Puccinia graminis tritici, 
39, 40; studies on tobacco mosaic, 55, 50 


Cytospora, batatis, sulphur for control of, 
411; canker of poplar, 140; chryso- 
sperma (Pers.) Fr., 140 
Dahlia, Botrytis cinerea on, 154 
Dana, B. F., see IIungeuford, Chas. W. 
Darker, G. D., see Faule, J. H. 

Daucus carota attacked by Wclerotinia in- 
termedia, 323-327 

Davis, W. H., Summary of investigations 
on clover rusts, 53; Infection jiroduced 
by the spores of Estilago striaeformis, 
(Westd.) NiessL^ 244; .Spore germina- 
tion of Ustilago striaeformis, 251-267 
Day, L. H., Experiments on control of 
cankers of pear blight, 478-480 
Dec;iy, of Douglas fir due to Poria iii- 
crassata, 199 

Del])hinium, Sclerotium on, 31 
Dematium, sp. on Vaccinium macrocar- 
pum,^ 102-107; pullulaiis on peach 
twigs, 227 

Dianthus, Botrytis cinerea on, 154; caryo- 
phyllus, Uromyces caryophyllinus on, 
406 

Dk'Khon, B. T., Mosaic studies IV, 346 

, R. Sr.MMEKBY, ANIl J. G. COFE- 

SON, Smut control exjicnments in hull- 
less oats during lit23, 350 
Dickson, .Iamek G., Control chambers for 
plant environmental studies, 64; see 
Johnson, A. G. 

, Sophia Ei kerson and Karl P. 

Link, Studies on predisposition of 
w’heat and corn to seedling blight caused 
by Gibberella saubiiietii, 34 
Dietz, S. M., Epidemiology studies with 
l^uecinia coronata Corda, 41 

— AND T. W. Olokey, Achyrodes 

auroum (L.) Kuutze, a host for many 
rusts, 36 

Diniorphotheca, Botrytis cinerea on, 154 
Diplodia, iiatalensis, influence of time and 
temperature on growth of^ 119; zeae, 47 
Diseases, in plants, equipment and methods 
for studying the relation of soil tem- 
perature to, 384-597 ; of banana, 11 ; 
of cacao, 11; of coconut, 12; of corn, 
12; of peanut, 12; of pepper, 11; of 
potato, 12; degeneration, of potato, 518, 
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519, 521-533; of quinine, 12; of sugar 
cane, 9, 10; of tobacco, 10. 
Disinfectants, now seed^ 43. 

Disinfection of tobacco seed against wild- 
fire, 50, 51 

Dolichos labial), host for Uroniyces vig- 
nae, 71; host for Uromyces aijpendicii- 
latus, 71 

Doolittle, S. P., and M. N. Walker, 
Experiments on the control of cucurbit 
mosaic, 56 

Dothichiza populea, 140 
Douglas fir, see Pseudotsuga taxifolia 
Drayton, F. L., Report of plant disease 
survey for Canada, 1923, 346, 347 
Dungan, G. H., see J. R. Holbert 
Dunn^ Marin 8., The microloop: A rapid 
method for isolating single spores, 338- 
340 

Durhell, L. W., 536 
Dusting, recent advances in methods, 121 
Dutch East Indies, plant pathology in, 
8-23 

Echinopanax, Botrytis cinerea on, 154 
E(’KEPvSON, Sopxha H., see Diokson, 
James G. 

Ecological factors influencing the distribu- 
tion and severity of insect pests and 
plant diseases, 119 

Effect, of the mercuric chloride treatment 
for maggot on Rhizoctonia and club- 
root of cabbage, 25; of late planting on 
the bacterial blight of beans, 27 ; of 
rogueing on spread of curly top in 
beets, 119; of salt and hydrogen-ion 
concentration upon the growth and 
structure of certain bacteria and moulds, 
348 

Eggplant^ host for Bacillus aroideae, 457 ; 

see Solanum melongena. 

Eleutheranthera rudcralis, 492 
Elliott, Charlotte, and Erwin F. 
8mitit, a bacterial disease of broom- 
corn and sorghum, 48 
Elliott, John Asbury, biographical 
sketch and portrait, 129—131 
Elmer, Otto H., Mosaic cross-inoculation 
studies, 55 


Endothia parasitica, in Ontario, 345; not 
found in Bruges by Belgian authorities, 
535 

Entomologists, horticulturists and patholo- 
gists to meet in British Columbia, 401 
Ephelis moxicana Fr., Balansia hypoxy- 
loii (Pk.) Atk. on sandbur, (Cenchrus 
echinatus L. ) 66 

Epidemiology studies with Puceinia coro- 
nal a Corda, 41 

Epitrix, sp. on potato, 524; cucumeris, 346 
Equipment and methods for studying the 
relation of soil temperature to disease 
in plants, 384-397 
Erigeron, Botrytis cinerea on, 154 
Erwinia aroidea (Townsend) C. 8. A. B., 
rot of tomato fruits, 454 
Erysi])he graminis, 48 
Escholseholtzia, Botrytis cinerea on, 154 
Euphorbia, Botrytis cinerea on, 154; 

pilulifera, flagellate in, 146 
European canker of popljir, 140 
Eutettix tenella, transmitting curly leaf 
80-93 

Exoascus, decipiens, 12(5; deformans, 35; 
deformans, biological and cultural stud- 
ies of, 217-233; mirabilis, 35; mirabilis 
causing red plum curl, 126; tosquinetti, 
217 

Experiments, in oat smut control in 1923, 
346; in control of cankers of pear blight, 
478-480; on the control of cucurbit 
mosaic, 56; to show the effects of cer- 
tain seed treatments on corn, 44, 45; 
with dusting and spraying for the con- 
trol of tobacco wildfire in seedbeds, 50; 
with inoculated sulphur for scab con- 
trol, 57 

Ezekiel, Walter N.^ Strains of the brown- 
rot fungus, Sclerotinia americana, 32; 
see Norton, J. B. 8. 

Fant, G. W., The manner of infection of 
peach twigs by the brown -rot fungus, 
427-429 

Farfugium, Botrytis cinerea on, 154 
Faris, James A., Physicflogical specializa- 
tion of Ustilago hordei, 537-557 
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Farr, Clifford, H., Cellular interaction 
between host and parasite, 575-579 
Faull, J. H., and G. I). Darker^ The 
aecial stage of Hyalopsora aspidiotus 
(T^eck) P. Magnus, 350 
Faull, J. II., and Miss Irene Mounce, 
Stereum saiiguinolentuin as the cause 
of “Sapin Rouge or red heart of bal- 
sam, 349, 350 

Fawcett, H. »S., Influence of time and 
temperature on the rate of growth of 
ceitain fungi, 119; see Bartholomew, 
E. T. 

FfLNTON, F. A., see Goodwin, J. C. 

Filler, E. (\, (kml rolling white jiine 
blister rust in the Northeastern »Statea, 
53 

Filter cylinders, a method (►f increasing 
tli(' (*tHci<‘ncy of, 5S5, 5.S0 
Fir^ Douglas, decay of, 119 
Flagellates in milkweed, 54; in the latex 
of milkweed, 14(5 

Flea beetles as disease carriers on potato, 
5Li() 

Fluometer, for measuring water flow in- 
terference by certain diseases, 580-584 
Fomes piniceda, physiological specializa- 
tion of, 119 

Ford, E. F., s(‘(‘ Posey, G. B. 

Foreign papers, publication of, 401 
Forest jiathology, some problems in, 345 
Formaldehyde, as control of lettuce dis- 
eases, 2H; for oriion smut, 509-574 
Fraser, \V. P., ^‘Take-all" of wheat in 
wx\steni (^anada^ 347 

, AND P. M. SlMONDS, Seed 

treatment for smut control, 347 
Freeman, E. M., and L. W. Melander, 
Simultaneous surveys for stem rust; a 
method of locating sources of inoculum, 
40 ; Simultaneous surveys for stem mst, 
359-302 

From ME, F. D., The rust of eowpeas, 
07-79 

Fuchsia, Botrytis cincren on, 154 
Fungicidal treatments for the control of 
sorghum kernel smut, 44 
Fungous diseases of the China aster, 04 
Funkia, Botrytis cinerea on, 154 
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Further, investigations on the pasmo dis- 
ease of flax, 48; results in the inheri- 
tance of immunity to potato wart 59; 
studies on new seed treatments, 43, 44 

Fusarium, angustatiim, on onion roots, 
212; cepae, 27; coeruleum, 409; con- 
fereiice. University of Wisconsin, 435; 
coiigliitinans, 24, 408, 570; coiiglu- 

tinaiiK, water flow interference by, 580- 
584; crozDyophthoron n. sp. on onion 
roots, 212; cromyophthoron, effect of 
hydrogen-ion concentration on the ex- 
tracellular ptvtiiuiso of, -181-489; culm- 
oium on onion roots, 212; culmorum in 
Oregon, its varieties and strains that 
cause disease of cereals and grasses, 49; 
culmorum var. leteius^ a cause of dis- 
ease in cereals and grasses, 50; discolor 
on miion roots, 212; discolor, 408; dis- 
color var. Hiilphureum on onion roots, 
212; discolor var. suljihureuni, 409; gib- 
bosuin, 408; isolated from w’csteni yel- 
low blight of tmnatoes, 121; lini, 57(5; 
loncheceras u. sp. on onion loots, 213; 
loncheias var. microsporon on onion 
loot.s, 213; longevity of cultuies of, “408; 
lululatnm on onion roots, 211 ; lyeo- 
j)ersici, behanor of tomatoes and wilt 
disease in California, 121 ; lycopersiei 
Sacc., cause of wilt of tomatoes, 188- 
BU ; lycoiiersici, interaction between it 
and tomato, 575-579; malh on onion 
root.s, 211; martii on onion roots, 212; 
martii phaseoli, 1 ; moniliforme on 
onion roots, 212; niveum, 498; ox}- 
sjmrum, 238, 408; oxysporum on onion 
loots, 211; oxysporum var. longius on 
onion loots, 212; oxysporum var. resu- 
pinatum on onion roots, 212; ortlioceras 
var. triseptatmn on onion roots, 212; 
radicicola on onion roots, 212 ; redolans 
on onion roots, 211; rhizochromatistes 
n. sp. on onion roots, 212; rhizochro- 
matistes var. microsclerotium n. v. on 
onion roots, 213; sclerostromaton n. sp. 
on onion roots, 213; solani, 238, 409; 
species of, isolated from onion roots, 
211-216; trichothecoides, 409; vasinfec- 
tuin, 408; wilt in Cilifornia, behavior of 
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eertuiii varieties of tomatoes towards 
188-197; yellows in California, 125 
Fusicoccum putrefaciens, on Vacciniura 
maerocarpum, 102-107 ; on Vaccinium 
oxycoceus, 107 ; on Vaecinium Vitis- 
Idaea, 107. 

Gardner, Max W., A native w’ced host 
for bacterial blight of bean, 341 
Geranium, Botrytis cinerea on, 154 
Gibberella saubinetii, 34 
GiDDiNos, N, A laboratory convenience, 
342 

Gilbert. B. C., see Henry, A. W. 
Gladiolus, Botrytis cinerea on, 154 ; dis- 
eases of, 63; inoculations of with soft 
rot bacteria 467. 

Gloeosporium caulivorum on clover, 347 
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Kempton, F. E., Progress in barberry 
eradication, 40 

Kendkick, James B., Infection-court in 
radish black-root, 66 

Kirby, R. S., Comparative efficiency of 
formaldehyde, copper-carbonate dust and 
sulfur dust in controlling smuts in hulled 
oats, 42 

Koehler^ Benjamin, see Holbert, J. R. 
Kohl rabi, as host for soft rot luicteria, 
462 

Kulkarni, G. 8., Resistance of sorghum 
to loose and covered smuts, 288 
Kunkel, L. 0., Insect transmission of 
aster yellows, 54 

Laboratory facilities at Najdes, Italy, 536 
Lactuca, Botrytis cinerea on, 154 
Lantana, Botrytis cinerea on, 154 
Latex, of Euphorbia pilulifera, flagellate 
in, 146; of milkweed, flagellates in, 146 
Lathyriis, Botrytis cinerea on^ 154 
Lawrence, John., On an early report on 
infectious chlorosis, 198, 199 
Leach, Julian G., Spraying vs. dusting 
for potatoes, 57 

, AND R. C. Rose, Experiments 

with inoculated sulphur for scab con- 
trol, 57 

, and J. L. Seal, Powdery mildew 

of raspberries, 61 

Leafhopper, cause of curly leaf of beet, 80 
Leaf roll, jiotato in Idaho, 123; marginal, 
on potato, 519; of potato, 519^ 521 
Leaf, scald, of sugar cane, 587 
Leaf spot on tomato, 156-169; of Phaseo- 
lus aureus, 351 


Lee, H. Atherton, see North, D. S. 
Lehman, S. G., and Frederick A. Wolf, 
A new downy mildew on soy beans, 28 
Lemons, Alternaria rot of, 120 
Lionian, Leon IL, On the physiology of 
the genus Phytophthora, 32 
Leptinotarsa decemliiieata, on potato^ 524 
Leptomonas bordasi, 148; davidi, 146, 
148; elmassiani, 148 

Lesley, J. W., see Shapovalov, Michael 
Lettuce, bacterial slime disease of, 122; 
mildew of, 122; inoculations with soft 
rot bacteria, 462 

Leukel, R. W., Equipment and methods 
for studying the relation of soil tem- 
perature to diseases in plants, 384-397 ; 
see Johnson, A. G.; see Tisdale, W. II. 
Levine, M. N., sec Stakman, E. C. 
Ligularia^ Botrytis cinera on, 154 
Lilac, see Syringa vulgaris 
Linaria, Botrytis cinerea on, 154 
Link, Karl P., see Dickson, James G. 
Lobelia, Botrytis cinerea on, 154 
lAigan berry, Mosaic of, 119 
Long, W. II., The self ‘pruning of western 
yellow pine, 336, 337 

Longevity of cultures of Fusaria, 408-410 
Loss of strength of mercuric chhiride solu- 
tions for treating potatoes, 58 
Ludwig, O. A., Studies of authraciiose in- 
fection in cotton seed, 52 
Lunula ria, Botrytis cinerea on, 154 
Lychnis^ Botrytis cinerea on, 154 
Lycopersicum, Botrytis cinerea on, 154 

Mackie, W. W., and Paxton, G. E., A 
new disease of cultivated barley in Cali- 
fornia caused by Ilelminthosporium cali- 
fomicum n. sp., 124 

Magnesium oxide, crop injury resulting 
from, 108-113 

Mains, E. B., Notes on the life history 
of the snapdragon rust, Puccinia antir- 
.rhini Diet. & Holw., 281-287; Wheat 
resistant to mildew, Erysiphe graminis, 
48 

, F, J. Tkost and G. M. Smith, 

Coni resistant to rust, Puccinia sorghi, 
47 



Index 


XI 


Mannh, T. F., John Aslniry Elliott, 129- 
181 

Mani val, W. E., Longevity of cultures of 
Fiisarii'i, 408-410; The viability of ure- 
<losi)ore8, 408-407 
Maple, Ooryiieuin blight of, 84.1 
Marginal leaf roll, on potato, olO 
MassaeliuseftH, Cranberry fungi in, 101 
Massky, a. B., a study of Bacillus aroi- 
deae, Townsend, Ihe cause of a soft rot 
of tomato, and B. carotovorus Jones, 
400-177. 

Matlhiola^ Botrytis cinerea on, LIJ 
M \Y, (Hjrtis, see Stover, W. (1. 

A. W., Some problems in for- 
est pathology, 84.’) 

M('(UiJNT<)('K, J. A., Seed transnii.ssion of 
rootknot nematode resistance in the 
peach, 02 

JM('CrLU)eii. Likua, Two bacterial dis- 
eases of gladiolus, 08 
Mc Kinney, H. H., An undescribed impei- 
fes't fungus associated with wheat foot- 
rot in Oklahoma, 84; A method of in- 
creasing the efficiency of filter cylinders, 
r»s.5-.*»8(; 

McLeod, (^ IL, The pathological anatomy 
of tissue produced in Abies blasumea 
following an attack of the apnice bud- 
worm, 845 

Mc*aslc‘H, apple^ 289-314 
M<*asuring winter flow' interference in cer- 
tain gall and vascular diseases, 580-584 
Medicago sativa L., Uromyces striatns on, 
404 

Mklandbr, L. W., see Freeman, E. M. 
Meia’jurs, L. K., and C. O. Johnston, 
Second progress rejxirt on studies of 
corn seed ger»iination and the preva- 
lence of Fusarium nioniliformc and 
Diplodia zeae, 45; and M. C. Sewell, 
The rate of spread of wheat foot-rot in 
tillage plots in Kansas, 41; see John- 
ston, C. O. 

Mklhos, I. E., J. H. Muncie, and Wm. 
T. H. Ho Measuring water flow inter- 
ference in certain gall and vascular dis- 
eases, 580-584 

Melissa, Botrytis cinerea on, 154 


Mercuric chloride on cabbage seedlings, 25 
Metabolism in Botrytis, 349 
Mkt(’ALe, Haven, Observations on the 
Douglas fir canker (Phomopsis pseudot- 
sugae Wilson) in Great Britain, 52; 
Chestnut blight in Europe (Endotliia 
parasitica (Murr.) A. & A.), 52 
Met hods, and ecpiipment for studying the 
relation of soil ienn»erature to diseases 
in plants, 884-897 ; of studying the de- 
gonf‘ratioTi di.seases of the potato, 521— 
588; permanent spirals for idcuitifioation 
tags, 898 

Methods, permaiKuit spirals for identifica- 
tion tags, 398 
Micrococcus populi, 140 
Microlfjop, 388-840 

Mildew, on lettuce, 122 ; on watr'rmelon, 
125 

Milkweed la 'ex, flageliatcs in, 146 
Mimnlus, Botrytis cinerea on 154 
Minnesota, sunflower diseases in 1923, 64 
Mix, A. J., Biological and cultural studies 
of Kxoascaeeac. 1. Exoascus deformans 
(Berk.) Fuckel, 85; Biological and cul- 
tural studies of Exoascus deformans, 
217-238; Biological and cultural studies 
of Kxoascaceae. II. Exoascus mirabilis 
Atkinson, 35 

, AM) Dorothy Lee Vaughan, 

The range of toleration of hydrogen-ion 
eoncentration exhibited by Fusarium 
traeheiphilum in culture, 63 
Monarda fistulosa L., Pueciiiia menthae 
Pers. on, 496 

Monilia sitophila, A bakery infection with, 
346 

Monilochaetes iiifuscaiis, sulphur for con- 
trol of, 411 

Monteitii, John Jr., Relation of soil tem- 
perature and soil moisture to infection 
by I’lasmodiophora brassicae, 25; Rela- 
tive susceptibility of red clover to an- 
thracnose and mildew, 62 
Mori)hological studies on the injury to 
apple caused by Ceresa bulbul is, 834, 
885 

Morstatt, H., Review of '‘Einfuhrung in 
die Pflanzenpathologie, ’ ^ 127, 128 



Index 


xii 

Mosaic, and other systemic disorders of 
raspberries in the Pacific Northwest 
(title only), 119; Auouba, on potato, 
519; common, on potato, 519; cross- 
inoculation studies, 55; diseases, 55-67; 
disease of loganberry, 119; iiitervenal, on 
potato, 519; of Pisum sativum, 346; of 
potato, 521, 526; of potatoes in Idaho, 
123 ; of raspberry^ 347 ; of tobacco, 347, 
studies IV, 346 

Mounce, Irene, see Faull, J. H. 

Muncie, J. H., see Melhus, I. E. 

Mur WIN, H. F., see Johnson, James 
Muskmelou, soft rot of, 460 
Mysiphyllum, Botrytis ciiierea on, 154 
Myxosporium cortieola of api>le, and pear, 
329-333 

Najdes, Italy, laboratory facilities at, 536 
Narcissus, Tylenehus dipsaci on^ 495-502 
National Southeastern University of Nan- 
king, China, 244 

Nematodes, 62; on alfalfa in California, 
125 

Nematospora phaseoli, 31 
Nepeta, Botrytis cinerea on, 154 
Nephrolepis, Botrytis cinerea on, 154 
New seed treatments for controlling stripe 
disease of barley, 42 
Nicotiana, Botrytis cinerea on, 154 
Nigredo vignae (Bard.) Fromme comb, 
nov.. On cowpeas, 72; on Dolichos lab- 
lab, 71, 73; on Phaseolus truxillensis, 
71, 73; on Vigna repens, 71^ 73; on V. 
sesqiiipedalis, 71, 73; on V. sinensis, 71, 
73; on V. vexillata, 73; on V. sp., 74 
Nigrospora javanica, on wheat, 13 
Noack, Martin, see Hostermann, Gustav 
North, D. S., and H. Atherton Lee, 
Java gum disease of sugar cane identi- 
cal to leaf scald of Australia, 587 
Norton, J. B. B., and Walter N. Ezekiel, 
The name of the American brown-rot 
Bclerotinia, 31 

Notes, on the Nematospora disease of lima 
beans, 31; on the climatic conditions in- 
flufuicing the 1923 epidemic of stem rust 
on wheat in Illinois, 94-100; on cran- 
berry fungi in Massachusetts, 101-107 


Oats, smuts, 42 ; Hull-less, smut control ex- 
periments in, 350; smut control in 1923, 
experiments in, 346 

Observations, on malformed tassels of teo- 
sinte plants infected with downy mildew, 
49; on the Douglas fir canker (Phomop- 
sis psoudotsugae Wilson) in Great 
Britain, 52 

Occurrence, of white rot of Allium (Bde- 
rotium cepivorum Berk.) in Europe and 
America, 26 

Oenothera, Botrytis cinerea on, 154 
Oidium lactis, 34K 

OLDENurRCi, F. W., see Jehle, R. A. 
Olson, Otto, see Orton, C. B. 

Oncopeltus fasdatus, susjieeted carrier of 
milkweed flagellate, 148, 149, 150 
Onion, crown rot in California, 125; host 
for B. aroidoae, 458; host for Bderotiuni 
cepivorum, 315; smut, 347; smut of, con- 
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and physical-- charaiiters of plants, 433- 
435 

Palm, B. T., and S. C. J. Jochens, A dis- 
ease on Amarantus caused by Choa- 



Index 


nephora cucurJiiturum (B. & Rav.) Thax- 
tpr, 490-494 

Paii-Arnerican Scientific (>»Tij>ress post- 
poned, 535 

Papavor, Botrytis cinerea on, 354 
Parsnip, host for B. aroideae, 45.S 
Patliolo^^y, forest. Some problems in, 345 
Pathological histology of apple blotch, 
558-5()8 

Pathologists, <*ntomologists and hortieul- 
tnrists to meet in British Columbia, 401 
Paxton, (b E., see Mai'Kie, W. W. 

Pea, root lot and blight of, 348, 349 
Peach, studii's of Exoascus deformans on, 
1217 ; twigs, manner of infection by 
blown rot fungus, 427-429 
Peanut, diseases of, 12 
Pear, blight, control experinamts, 478-480; 
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dentata, 140, 141, 144; tremuloides, 140, 
141, 142 

Poria, cocos, developed on tuckahoe found 
attached to orange tree root, 35; incras- 
sata, causing decay of Douglas fir, 119 
PoETE, W. S., see Pritchard, Fred J. 
Portulaca oleracea, 490 
Posey, G. B., and E. R. Ford, Survey of 
blister rust infection on pines at Kittery 
Point, Me., and the effect of Ribes eradi- 
cation in controlling the disease, 53 


Potato, aphids as carriers of disease on, 
526, 530; crinkle, 519; curl, 518, 521; 
degeneration diseases of, 518-519, 521- 
533; diseases of, 12, 57-59; flea-lK'etles 
as carriers of disease on, 52(>-528, 530; 
leaf -roll, 519, 521; leaf -roll in Idaho, 
123; marginal leaf -roll, 519; mosaic, 
521, 518; mosaic, ancuba, 519; mosaic, 
common, 519; mosaic, intervenal, 519; 
seed treatment tests in Manitoba, 58; 
sti PI) le- streak, 519; witches’ broom of, 
in the Northwest, 373-383; see Solanum 
tuberosum 

Potentilla, Botrytis cincuea on, 154 
PovAii, Alfred, Hypoxylon poplar canker, 
53, 140-145 

Powdery mildew of raspberries, 01 ; of 
clover, 347 

Present status of stem and bulb nematode 
in America, 02 

Primula, Botrytis cinerea on, 154 
Pkit(’1Iakd, Fred J., and W. S. Porte, 
The relation of tem]>erature and humid- 
ity to tomato leaf spot (Septoria lyco- 
pcrsici Rpeg.), 150-109 
Progress, i-eport, on cabbage yellows in- 
vestigations in Kansas, 24; re]>ort on 
black rot investigations, with special ref- 
erence to cauliflower on I^>ng Island, 24 ; 
in barberry eradication, 40-41; second, 
report on studies of corn 8<*ed germina- 
tion and the prevalence of Fusarium 
moniliforme and Diplodia zeae, 45; re- 
port upon the resistance of commercial 
strains of tobacco to root-rot, 51 ; report 
on Phytophthora-resistant tobacco, 51- 
52; first, report on the study of apple 
scab under Ohio conditimis, 00 
Projection apparatus, 424-420 
Pruniis, alloghaniensis, resistance to crown 
gall, 120; Besseyi, resistance to crown 
gall, 120; caroliniana, resistance to 
crown gall, 120; domestica, resistance to 
crown gall, 120; ilicifolia, resistance to 
crown gall,. 120 ; insititia, resistance to 
crown gall, 120; mume, resistance to 
crown gall, 120; pumila, resistance to 
crown gall, 120; setotina, resistance to 
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crown gall, 120; tangutica, resistance to 
crown gall, 120; umbellata, resistance to 
crown gall, 120; Botrytis cineroa on, 
154 

Pscudotsugae taxifolia, host of Polyporns 
Bchweinitzii, 588; decayed by Poria in- 
crassata, 119 

Publication, of foreign papers, 401-402 

Puccinia, ainorphae, longevity of uredo- 
spores of, 400, 407 ; antirrhiiii, 281-287 ; 
germination of teliospores of, 281-280; 
failure of infection of basidiospores on 
snapdragon, 283-281; coronata, 41; 
conmata, longevity of uredospores of, 
404-407; coronifera, 403, 400; dispersa, 
403, 400; graminis, Illinois epidemic of 
1923, influence of clinmte, 94-li)0; on 
Poa spp. in the United States, 39; 
gramims, 403, 400; graminis phlei- 

piatensis, timothy resistant to, 303; 
graminis poae, 39; graminis-tritici, 39; 
graminis, simultaneous sur\eys for, 359- 
302; helianthi, 400; meiithae vai. ameri- 
cana, longevity of unvlospores of, 400- 
407; rubigo-vera, 403; simplex, 403; 
sorghi, 47 ; sorghi, longevity of uredo* 
spores of, 405-407 

Pyrus, coronaria a host of Phyllosticta soli- 
taria, 558 ; mains a host of Phyllosticta 
solitaria, 558-5()S 

Pythiacystis citiophthora, Influence of 
time and temperature on growth of, 119 

<JUANJKR, TT. M., Standardizing of degen- 
eration diseases of potato, 518, 519; In- 
stitutions for phytopathology and eco- 
nomic entomology in Holland, 534 ; En- 
dothia paiasitica, 535 

Badish, black-root of, 00; host for B. 
aroideae, 458 

Eaedeu, J. M., see Htinoekpord, Chas. W, 

Bamsey, G. B., Sclerotinia intermedia n. 
sp. a cause of decay of salsify and car- 
rots, 323-327 

Bands, B. D., see Hartley, Carl, 

Baspberry, blue stem in California, 125; 
blue stem of, 347, 348; diseases of, 347; 


leaf curl of, 347 ; mosaic of, 347 ; hovst 
for Acrostalagmus caulophagus, 347, 
348; powdery mildew of, 01; red and 
black, blue stem of, 347, 348; systemic 
disorders in the Pacific Northwest, 119 
Bawlins, T. E., and Johnson, James, 
Cytological studies on tobacco mosaic, 55 
Bocent advances in dusting methods, 121, 
122 

Beddy, Chas. S., and J. B. IIOLiiEUT, Ex- 
periments to show the eflTect of certain 
seed treatments on corn, 44 
Bed heart rot of lialsam, Htereum san- 
guiiiolentiim, 349, 350 
Bedtop, Agrostis palustris, host of Usti- 
lago striaeformis, 252 
Beed, Geokoe M., Varietal susceptibility 
of wheat to Tilletia laevis Kiihn, 437- 
450 

Beed, Guilfoiu) B., A bakery infection 
with Monilia sitophila, 340; Effects of 
salt and hydrogen-ion concentration 
upon the growth and structure of cer- 
tain bacteria and moulds, 348 
Beimer’s formula, modification of for pear 
blight treatment, 478 
Belation, of soil temperature and soil mois- 
ture to infection by Plasmodiophora 
brassicae, 25; of temperature and mois- 
ture to the development of crown gall, 
30; of internal cob-discoloration to yield 
in corn, 4(>; of Chenopodium murale to 
curly-top of the sugar licet, 57 
Belative susceptibility of red clover to an- 
thracnose and mildew, 02, 03 
Bi'port of plant disease survey for Canada, 
1923, 34G, 347 

Besistanee, of Prunus spp, to crown gall, 
120; to grape rust, 171; of sorghum 
varieties to smut, loose and covered, 288; 
of corn to smut, 208-280; of F, crosses, 
278; and susceptibility to apple measles, 
289 

Rheum, Botrytis cinerea on, 154 
Rhinanthus, Botrytis cinerea on, 154 
Bhizoctonia, results of experiments to pre- 
vent, 349; rot on sugar beets, 125; so- 
lani, isolated from western yellow blight 
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of tomatoes, 121; tuliparum (Klebahn) 
nov. comb, on tulip, 30 
Bhizopus, nigricans, 408; tritici, 481 
Rhoads, Arthttr B., Apple measles, with 
special reference to the comparative sus- 
ceptibility and resistance of apple varie- 
ties to this disease in Missouri, 289-314 
Ribej?, blister rust on, in Canada, 347; 

Botrytis cinerea on, 154 
Biker, A. J., Relations of temperature and 
moisture to the development of crown 
gall, 30 

Boot, diseases of sugar cane in Porto Rico, 
59; lot and blight of canning peas, 348, 
349; rot on sweet pea in California, 125; 
rot of tobacco^ 347 ; rot of, udo, 124 
Rosa, Botrytis cinerea on, 154 
Rose, Jessie P., Fusarium culmorum in 
Oregon, its varieties and strains that 
cause disease of cereals and grasses, 49; 
Fusarium culmonjm var. letcius, a cause 
of disease in cereals and grasses, 50 
Rose, R. C., see Beach, Julian G. 
Rosellinia pruinata, 144 
Rot, crown, on sunflower and onion in 
California, 125; wine grape fruit rot in 
California, 125 

Rubus, Botrytis cinerea on, 154; spocta- 
bilis, attacked by Botrytis cinerea, 153, 
155 

Bumbold, Caroline, Sugar beet seed dis- 
infection with formaldehyde vapor and 
steam, (16 

Rust, blister, white pine, in the Pacific 
Northwest, 124; of cowpeas, 07; of 
grape, in Florida, 170, 171; of snap- 
dragon, 281-287 ; of wheat, epidemic in 
Illinois in 1923, climatic influence, 94; 
resistance in grape varieties, 171; re- 
sistance in timothy, 363-371; stem, 
simultaneous surveys for, 359-362 

Salix sp., 140 

Salmonberry, attacked by Botrytis cinerea, 
153, 155 

Salsify, decay of, 323; host for B. aroi- 
deae, 458; see Tragopogon porrifolius 
Sambueus, Botrytis cinerea on, 154 


Sanford, G. B., Some factors influencing 
the development of potato scab, 58 
Sapin rouge, caused by Steroum sanguino- 
lentum, 349, 350 

Scab, on almond in California, 125 
Schmitz, Henry, Physiological specializa- 
tion in Pomes pinicola Fr. (title only), 
119 

Sclerospora philippinensis, 49 
Sclerotinia, sunflower and onion crowm rot 
in Califoniia, 125; americana (Worm- 
aid) comb. nov. on stone fruits, 31, 32; 
cinerea, on i>pach twigs, 427-429; fuck- 
eliana, 154; intermedia n. sp., a cause 
of decay of salsify and carrots, 323- 
327 ; lil>ertiana, root-rot on udo, 1 24 ; 
libertiaiia, on the name, 126, 127; sclero- 
tiorurn. On the name, 126, 127 
Scleiotiuin, cepivorum, 26; cepivorum 
Berk., on Allium, 315-322; delphinii, 31 ; 
rolfsii, 37 

Scott, C. E., Tylenehus dipsaci Kiihn on 
narcissus, 495-502 
Seal, J. I^., see Leai'H, .Iitlian G. 
Seasonal devc'lopmont and control of apple 
scab and cherry leaf sj)ot in relation to 
environment, 36 

Seed, transmission of rootknot nematode 
resistance in i)each, 62; treatment of 
tobacco, 181; treatment for smut con- 
trol, 347 

Senecio, Botrytis cinerea on, 154 
Sejial infection in relation to the seasonal 
development and control of apple scab, 
36 

Septoria lycopersici, 15()-169 
Sereh, 9 

Sevekin, Henry H. P., Curly leaf trans- 
mission experiments, 80-93; (abstract), 
123; sec Bartholomew, E. T. 

Sewell, M. C., see Melohers, B. E. 
Shapovalov, Michael, Effect of environ- 
mental conditions on western yellow 
blight of tomiitoes, 120 

, AND J. W. Lesley, The behavior 

of certain varieties of tomato to the 
wilt disease (Fusarium) in California, 
121; The behavior of certain varieties 
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of tomatoes towards Fusarium-wilt in- 
fection in California, 188-197 
Shear, 0. L., Grape rust in Florida, 170- 
171; Publications of foreign papers, 401 
Sherbakoff, C. 11., Common molds of corn 
seed in relation to yield, 46; Three lit- 
tle known diseases of strawberries, 60 
SiDERES, Christos J\, Species of Fusariura 
isolated from onion roots, 211-216; The 
effect of hydrogen-ion concentration on 
the extracellular pectinase of Fusarium 
croinyophthoron, 481-489 
Sjevers^ F. J., Crop injury resulting from 
magnesium oxide dust, 108-113 
SiMMONDK, P. M., vsee Fraser, W. P. 
Simultaneous surveys for stem rust; a 
method of locating sources of inoculum, 
40 

Slaou, C. ]\r., sec Johnson, James 
Smith, C. O., The study of resistance to 
crown gall in Primus, 120 
Smith, Klizabeth II., see Smith, Kalph 
E. 

Smith, E. 11., Some diseases new to Cali- 
fornia, 125 

Smith, Erwin F., see Elliott^ Charlotte 
Smith, Floyd F., see Wilc’OX, Ray- 
mond B. 

Emith, G. M., see Mains, E. B. 

Smith, Ralph E., Recent advances in dust- 
ing methods, P21 

, and Eliz.ybeth H. Smith, Bac- 
terial slime disease of lettuce, 122 
Smith, R. G., A chemical and pathological 
study of decay of the xylem of the 
apple caused by Polystictus versicolor 
Fr., 114-118 

Smut, control, seed treatment for, 317; of 
oats^ control in 1923, 346; of onion, 
347 ; control exjierimenfs in hulMess oats 
during 1923, 350; germination of smut 
spores of fungus, Ustilago strineformis, 
251; of maize, 268-280; on Fj crosses, 
277-278; percentage of plant and ear 
infections of selfed strains to, 272; of 
onion treated with kalimat, 569-574; of 
onion treated with formaldehyde, 569- 
674; of sorghum, Sphacelotheca sorghi 
and S. cruenta, 288 


Snapdragon, host of l*uccinia antirrhini, 
281 ; rust, 281-287 ; rust, germination of 
tcliospores of, 281-287 ; failure of in- 
fection of basidiospores of on snap- 
dragons, 283-284 ; aecial host of not 
known, 285 
Soft-rot studies, 460 

Soil^ moisture, control of, and soil tempera- 
ture experiments, 394 ; temperature, 
equipment and methods for studying the 
relation of to diseases in plants, 384- 
397 ; temperature, relation to Plasmo- 
diophora brassicae, 25 
Scdamim, Botrytis cinerca on, 154; escu- 
lentum, host for Bacterium tabacum, 
177 ; melongena, host for Bacterium 
tabacum, 177 

Some, factors influencing the development 
of potato scab, 58-59 ; new methods and 
results in the control of lettuce diseases 
with formaldehyde, 28-29; problems in 
forest pathology, 345 
Sorghum, resistance of varieties of, to 
smuts, 288 
Soya max, 7 

Soy bean, mosaic (Mosaic studies IV. 
346; pustule. Comparative studies with 
Bacterium pliascoli sojense Hedges and 
Bacterium phaseoli E. F. S., 27-28 
Spaulding, Perley, Report of the editor- 
iii-cliief, 205, 206; Review of Supple- 
ment to Handbook of the Plant Diseases 
in Japan, Vol. I, pages 1-398, 1923, by 
Arata Idcta, 341 ; The tropical plant re- 
search foundation, 430-432 
Species of Fusarium isolated from onion 
roots, 211-216 

S)>haeelotheca, cruenta on sorghum, 288; 

sorghi, 44; sorghi on sorghum, 288 
Sphaeria pruniata, 144 
Sphaeropsis malorum of apple and pear, 
329-333 

Spina cia oleracea, 490 
Spinach, Fusarium wilt of^ 29 
Spore, germination, of Phytophthora in- 
festans, 32-33 ; germination of Ustilago 
striaef ormis ; methods, 253 ; percentage 
of germination of fresh spores, 253 ; 
materials employed, 253; results of 
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studies of, 264-265; relation of tern* 
perature to germination, 261; isolation, 
338 

Sporonema, oxycocci on Vaccinium macro- 
carpum, 102-107 

Spot, leaf and stem spot on asparagus in 
California, 125 

Spraying, for control of tomato soft rot, 
458; vs. dusting for potatoes, 57-58 
Spray injury, 61 
Sprays, 61 

Stakman, E. C., and M. N. Levine, Puc- 
cini a graminis on Poa spp. in the United 
States, 30; see Hayes, H. K. 

Stahl, C. F., see Carsnp:r, Eubanks 
Standardizing of degeneration diseases of 
lx>tato, 518, 519 

Stereum saiiguhiolontum as the cause of 
^‘Sapin Rouge of red heart rot of 
balsam, 349, 350 

Stevens, Neil E., Notes on cranberry 
fungi in Massachusetts, 101-107 
Stewart, F. C., Recommendations for the 
improvement of official inspection for 
crown -gall, 172, 173 
Stipple-streak, on potato, 519 
Stizolobium deeringeanum, 7 
Stokdyk, E. a., Progress report on cab- 
bage yellows investigations in Kansas, 
24 

Stone^ R. E., Chestnut blight in Ontario, 
345 ; Root rot and blight of canning 
peas, 348, 349; see Howitt, J. E. 
Stover, W. G., and Curtis May, Studies 
on api)le blotch in Ohio, 60 

, AND H. W. Johnson, First 

progress report on the study of apple 
scab under Ohio conditions, 60 
Strawberry, attacked by Botrjdis cinerea, 
153; black root, 348; diseases, 60; leaf- 
scorch, 30 

Strophostyles helvohi, bacterial blight of 
bean on, 341 

Studies, on Fusarium wilt of spinach in 
Texas, 29; on predisposition of wheat 
and corn to seedling blight caused by 
Gibberella saubinetti, 34 ; Further, on 
new seed disinfectants, 43, 44; On the 
Diplodia disease of corn, 47 ; of anthrac- 


nose infection in cotton seed, 52; on 
apple blotch in Ohio, 60; on a leaf spot 
of Phaseolus aureus new to the Philip- 
pine Islands, 351-358 

Sugar beet, curly top of, 57; seed disin- 
fection with formaldehyde vapor and 
steam, 66 

Sugar cane, diseases of, 59; diseases, 9, 
10; sereh, 9; Java gum disease of, iden- 
tical to leaf scald of Australia, 587; 
Leaf scald of, 587 

Sulphur, as a fungicide and fertilizer for 
sweet i>otatoes, 411-423 
Summary of investigations on clover 
rusts, 33 

SUMMFRBY, R., sec PlCKSON B. T. 

» 

Sunflow'er, attacked by wdlt, 347; crown 
rot in California, 125; diseases, 64 
Supjdement to Handbook of the Plant Dis- 
eases in Japan, Vol. T, pages 1-398, 
. 1923, by Arata Ideta, 341 
Survey of blister rust infectirm on ]>ine8 
at Kittery Point, Me., and the effect 
of Ribea eradication in controlling the 
disease, 53 

Surveys, simultaneous for stem rust, 359 
Susceptibility, of species of Allium to 
onion smut, 26 

Sw'eet i»ea, root rot in California, 125 
Sw^eet potato inoculation with soft Irot 
bacteria, 465; use of suli>hur as a fun- 
gicide and fertilizer for, 411 
Syringa vulgaris, disease of, caused by 
Phytophthora syringae, 503-517 ; Hete- 
osporium syringae on, 505 
Synedrella nodiflora, 492 

Tagetes, Botrytis cinerea on, 154 
Tags, permanent spirals for, 398 
“Take-alP* of wheat in Western Canada, 
347 

Tai»hrina, aurea, 217 ; epiphylla, 217 ; jo- 
hansonii, 217; rhizophora, 217; sade- 
beckii, 217 ; sp., 217 ; tosquinetii, 217 
Taubenhaus^ J. J., Studies on Fusarium 
wilt of spinach in Texas, 29; An abor- 
tive sporophore of Sclerotium rolfsii, 37 
Taylor, J. W., see Tisdale, W. H. 
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Tehon, L. R., and P. a. Young, Notes on 
th6 climatic condition influencing the 
1923 epidemic of stem rust on wheat 
in Illinois, 94-100 

Temperature, relations of onion smut, 26; 
in relation to germination of smut 
spores, 261 ; humidity, relation of, to 
tomato leaf spot, 156-169 
Temple, C. E., see Jeiile, R. A. 

Tests of dehydrated culture media, 65 
The, aeciaJ stage of Hyalopsora aspidio- 
tus (Peck) 1*. Magnus^ 350; })ehavior 
of certain varieties of tomatoes towards 
Fiisarium-wilt infections in California, 
188-197 ; effect of hydrogen ion concen- 
tration on the extracellular j^ectinase of 
Fusarium crornyophthoron, 481-489; 
grey bulb-rot of tulips, 30, 31; manner 
of infection of peach twigs by the 
brown rot fungus, 427-429; mieroloop, 
a rapid method for isolating single 
spores, 338-340; mosaic disease of Nico- 
tiaiia gliitinosuiii not distinct from to- 
bacco mosaic, 57 ; name of the American 
l)rowii-rot Sclerotiiiia, 31, 32; pathologi- 
cal anatomy of tissue produced in Abies 
balsamea following an attack of the 
spruce budwonn, 345; I*hytophthora dis- 
ease of lilac, 503-517; production of 
si’''stances toxic to plants by Penieil- 
1. .1 expansum Link, 238-243; range of 
toleration of hydrogen -inn concentration 
exhibited by Fusarium tracheijdiilum in 
culture, 63; rate of spread of wheat 
foot-rot in tillage plots in Kansas, 41, 
42; relation of Chenopodium murale to 
curly-top of the sugar beet, 57 ; Tropical 
Plant Research Foundation, 430-432; 
use of sulphur as a fungicide and fer- 
tilizer for sweet potatoes, 411-423; via- 
bility of urodospores, 403-407 
Thielavia basicola, Sweet pea root rot in 
California^ 125 

Third Pan-American scientific congress, 
401 ; postponed, 535 

Thomas, H. E., Tobacco wildfire and to- 
bacco seed treatment, 181 
Three little known diseases of strawber- 
ries, 60, 61 

Thymus, Botrytis cinerea on, 154 
Tillotia, laevis, resistance to, 38; laevis, 


Kiihn, varietal susceptibility of wheat to, 
437-450; tritiei (Bjerk.) Winter, varie- 
tal susceptibility of wheat to, 437-450 
Timothy, see Phleum pratenso 
Tims, E. 0., and J. C. Walker, A Fusar- 
ium bulb rot of onion 26 
Tisdale, W. B., Progress report on Phy- 
tophthora-resistant tobacco, 51 

, AND R. W. Leukel, W’ater 

and lime-water baths following the for- 
maldehyde seed treatment, 43 
, J. W. Taylor, and R. W. Leu- 
kel, Further studies on new seed disin- 
fectants, 43 

Titus, E. C., Effect of rogiicing on spread 
of curly top in beets, (title only), 119 
Tobacco, diseases of, 10, 50, 51 ; hollow 
stalk disease, 466; host plants of Bac- 
terium tabacum 175-180; wildfire and 
seed treatment, 181-187 ; inoculations 
with soft rot bacteria, 462; mosaic of, 
347; root rot of, 347; Phytophthora 
iiicotiaiia on, 10; wildfire bacteria, over- 
wintering of, 132-139; wilt of, 9, 10, 
1()6 

Tomato, bacterial soft-rot of, in Virginia, 
451-459; behavior of certain varieties of 
towards Fusarium wilt in California, 
188-197 ; behavior to wilt disease in 
California, 121; Disease caused by Phy- 
tophthora mexicana, 121; interaction be- 
tween it and Fusarium lyeopersici, 575- 
579; leaf spot, 156-169; mosaic (Mosaic 
studies IV), 346, wilt^ 28 
Toro, Rafael A., see Cook, Mel T. 
Torula spp., on peach twdgs, 227 
Toxic, substances produced by Penicillium 
expansum, 238 

Tradescantia, Botrytis cinerea on, 154 
Tragopogon porrifolius, attacked by Scle- 
rotinia intermedia, 323-327 
Transfer of mosaic disease from red to 
black raspberries, 55 
Traverso, G. B., Note on death of, 199 
Triticum compactum, susceptibility to 
smut, 438; dicoccum, susceptibility to 
■ smut^ 438; durum, susceptibility to 
smut, 438 ; monococcum, susceptibility to 
smut, 438; polonicum, susceptibility to 
smut, 438; spelta, susceptibility to smut, 
438; turgidum, susceptibility to smut, 
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• 438; vulgare, susceptibility to smut, 438 

Tropaeolum, Botrytis cinerea on, 154 
Tropical plant research foundatibn, 430, 
431 

Trost, F. J., see Mains, E. B. 

Tulip, Rhizoctonia tuliparum on, 30 
Tulipa, Botrytis cinerea on^ 154 
Turnip, as host for B. aroideae, 458 
Two bacterial diseases of gladiolus, 63, 64 
Tylenchus dipsaci, alfalfa stem nematode 
in California, 125; Kiihn on narcissus, 
495-502 

Udo, see Aralia caudata 
Uppal, B. N., Spore germination of Phy- 
tophthora infestaiis, 32 
Uredo, purpurascens, 69; vignae, 69; vitis, 
170 

IJredospores, viability of, 403-407 
Uroeyatis, cepulae, 26; tritici, 39 
Uromyces, appendiculatus, rust of cow- 
peas, 67; synonymy of, 69; hosts of, 71; 
appendiculatus, on Pliaseolus adenan- 
thua, 71; on P. anisotrichus, 71; on P. 
atropurpurea, 71; on P, coceineus, 71; 
on P. disophyllus, 71; on P. lunatus, 71; 
on P. obvallatua, 71; on P. polyatachyus, 
71; on P. retusus, 71; on P. vulgaris, 71; 
caryophyllinus, longevity of uredospores 
of, 406, 407 ; pazschkeanua, 69 ; puncti- 
formis, 69; vignae, 69; vignae luted a, 
69; vignicola, 69; striatus, longevity of 
uredospores, 404—407; vignae and vignae 
luteola synonyms of Nigredo vignae, 72 
Ustilago, hordei, physiological specializa- 
tion of, 537-557 ; biologic forma of, 
537-557 ; hot water seed treatment for, 
>552-554; striaeformis, infection of tim- 
othy by the spores of, 244 ; striaeformis, 
spore germination of, 251-257 ; striae- 
formis, after ripening, 255; striaeformis, 
viability, longevity of spoares and germi- 
nability^ 250, 257 ; striaeformis, hosts of, 
Agrostis palustris, Phleum pratense, Poa 
pratensis, Dactylis glomerate, 252; zeae. 
Reactions of selfed lines of maize to, 
268-280 

Vaccinium, macrocarpura, fungi on, in 
Massachusetts, 101-107 ; ; Fusicoccum 
putrefaciens on, 301-107; Glomerella 


cingulata vaccinii on, 102-107 ; Phomop- 
sis sp. on, 102-107; Sporonema oxycocci 
on, 102-107; Guignardia vaccinii on, 
102-107; Penicillium spp. on, 102-107; 
Dematium sp. on, 102-107; Pestalozzia 
guepini vaccinii on, 102-107; Acantho- 
rhynchus vaccinii on, 102-107 ; Alter- 
naria sp. on, 102-107 ; oxyeoccus, Fusi- 
coccum putrefaciens on, 107; Acantho- 
rhynchiis vaccinii on, 107; sp. attacked 
by Botrytis cinerea, 153, 154; vitis- 
idaea, Fusicoccum putrefaciens on, 307; 
Acanthorhynchus vaccinii on, 107 
Valle^u, W. 11., Studios on seed infec- 
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